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PREFACE. 



This book has been prepared for use as an elementary 
text-book in the. schools. 

It has been the constant aim of the author to have even 
this elementary view of the human body taken from a scien- 
tific standpoint. The immense contributions to the science 
of Physiology in recent years have entirely changed the tone 
and spirit of physiological thought and discussion, as is 
shown in the most recent great works on the subject. An 
elementary work should partake sufficiently of this spirit to 
introduce even the young student into its influence. 

To take the facts which are a part of the structure of a 
well-organized science, and make such use of them as to give 
no hint of the existence of the science, is not only of little 
good, but is really an unnecessary waste of time. This is 
done when many facts in regard to the structure and func- 
tions of the Human Body are learned as isolated things, 
simply as a class exercise, or even through curiosity or in- 
terest in them as parts of the human body. 

On the completion of even an elementary course in Phys- 
iology, the human body should be seen as an organism 
whose activities are conditioned by the fundamental laws 
that are recognized in the sciences of Physics and Chemis- 
try; and, further, that the very complex body, is, in all its 
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partS| so intei*related and coordinated as to be able to 
manage the complex activities of the body seen as a whole, 
by analyzing its processes and distributing them among its 
parts, and thus accomplishing most perfectly the whole of its 
purpose. 

Again, in recent years the human body has come to be 
seen more and more clearly to have many things in common 
with all other living organisms. Too much in the past the 
study of Human Physiology has been conducted as some- 
thing entirely separated from sciences of which it is really a 
part. The early study of the human body should bring one 
to see that much that he learns of its structure and activity 
is universal through the Animal Kingdom. In other words, 
the study of the human body is the study of Biology, and it 
adds to the clearness of its conceptions and much increases 
its interest to recognize and make use of this fact. 

The surest and only foundation for correct hygienic con- 
ceptions and methods is a scientific spirit, and a correct view 
of the body working as a whole. Much of the writing and 
discussion of hygiene and sanitary matters lacks this basis. 
And where such diverse opinions are promulgated, it is 
especially desirable that a basis for a correct judgment in 
distinguishing between what is and what is not sound be 
formed as early as possible. 

Physiology being one of the very few natural science sub- 
jects which are taught in most of our public schools, it should 
be made to furnish the special educational advantages now 
generally conceded to natural science subjects. This can 
only come when the subject is treated as a science. 

It is thought that such a treatment of Physiology is too 
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difficult for young students. While there is a vast amount 
in the science that is too difficult to introduce into such a 
work, yet the author's experience with such pupils is that ele- 
mentary facts in the science are not so difficult of presenta- 
tion and reception when given in their real relations as when 
given without this reference. Placing things in their real 
relation constitutes science. 

It has long ago been demonstrated that the true method of 
teaching natural science subjects demands the personal con- 
tact with at least enough of the objects of the study to form 
clear conceptions, to serve as a true basis for thinking and 
speaking correctly in the terms of the science. 

In recognition of this view, at the close of each chapter a 
few simple directions have been added to aid the student and 
teacher in making such observations as will aid in the work. 
These directions are simply suggestive of what may be con- 
siderably extended. A long experience has assured the 
author that this method is not only practicable but eminently 
desirable, and he would strongly urge the faithful carrying 
out of at least a large number of these directions. 

These methods are no longer a novelty. They are essential 
hi every well-conducted biological laboratory, and are used 
by a large number of the most successful teachers in the ele- 
mentary schools. Teachers would do well to furnish them- 
selves with some of the more extensive hand-books on physio, 
logical experimentation and dissection now easily obtainable. 

The author acknowledges with pleasure the aid he has 
received in reading the manuscript of the book and in 
oflfering various valuable suggestions, and in reading the 
proofs, from Mr. Barton W. Evermann, Professor of Biology 
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in the Indiana State Normal School; also similar aid from 
Mr. W. W. Norman, Assistant in Biology in DePauw Uni- 
versityy and Mr. C. W. Greene, Instructor in Physiology in 
the DePauw Preparatory School. 

Most of the diagrams in this work were drawn by Mr. Ed- 
ward Hughes under the author's direction. Figures 80 and 
8 1 are copied from Lang*s Vergleichende Anatomie, Figures 
61 and 83 are modified from cuts used in Landois and Stir* 
ling^s Physiology, 

Teachers are urged to procure for the further discussion 
of the subjects treated in this little book, such advanced 
works as those by Foster, Martin, and Landois and Stirling. 

OLIVER P. JENKINS. 
DePauw University, 

May 5, 18^. 



HUMAN PHYSIOLOGY. 



CHAPTER I. 

THE STUDY OF THE HUMAN BODY. 

The Human Body in Action. — In such a common 
action as reaching out the hand and picking up an apple 
from the table, it is a pleasure to note the beautiful adapta- 
tion of the arm and hand to the action. The apple can be 
firmly held and turned in any direction, and be carried to 
any point in reach of the arm, all with great precision. It 
would take great labor and thought to invent a piece of 
machinery that would do half as well. 

If even a superficial view be taken of other actions which 
the apple might occasion, such as walking a distance, climb- 
ing a tree, or throwing a club for it, and, after obtaining it, of 
tasting, eating, and digesting it, and many others that might 
be given, the wonder for the beautiful adaptations of the 
parts of the body to the accomplishment of these complex 
actions would increase. 

The observations may be still further extended to include 
the great number of actions which the human body performs 
in its daily contact with thousands of objects, the sum of 
which actions makes up the life of the body. 

Then we would see in the body as a whole an organism 
wonderfully adapted to the conditions of its existence. The 
elementary study of the body and its parts, and of how these 

(7) 
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parts are adapted to the work necessary for its existence in 
its surrounding conditions, is the object set before us in this 
book. 

Other Organisms. — The human body is but one of the 
very large number of organisms existing on the earth which 
show that kind of activity called life. 

Living things — that is, plants and animals — have peopled 
the whole surface of the earth with innumerable forms. 
Among the plants, the forms range from the giant trees of 
California and the immense spreading banyans of India, 
through all forms of forest trees, creeping vines, the thick 
cactus, the slender grass, the velvety moss, the flat lichen, 
down to the microscopic single-celled plant floating in the 
water. 

With the animals, the forms are no less numerous, and the 
range through both form and size is very great. These myr- 
iads of forms are so many adaptations of living organisms 
to the many conditions of life in which they are found. 

For example, the squirrel in all its parts is adapted to life 
in the tops of trees; the mole, to a life spent in the ground; 
all fishes to water, one kind to deep holes, another to shallow 
ripples; different kinds of birds, to different kinds of posi- 
tions; some worms, for burrowing in the ground; some in- 
sects to a life in the open air, and others to tunneling 
through the trunks of trees. 

These few examples but illustrate to a very limited extent 
how forms are adapted to conditions surrounding them. In 
reality, the different conditions are as numerous as the forms 
of plants and animals. The conditions range through all 
shades of climate; they vary with different positions offered 
by hill, mountain, valley, and plain; by a moist, dry, warm, or 
cold atmosphere; by fresh, salt, shallow, deep, clear, or muddy 
water; or by positions in the nooks or crannies in the rocks, 
under and over rotting logs, in the tops of trees, in the holes 
in the ground, or in the countless forms of foods. 
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« 

Each living form is an answer to the problem of how a 
living organism can maintain its existence in the position in 
which it is found. 

Biology. — The group of sciences which have for their 
object the investigation of these living organisms, animals 
and plants, with a view to learn how they can live where they 
do, how they came to be where they are — in short, what are 
their relations to the world immediate'y around them and to 
their fellow organisms — is called Biology, 

Biology includes all the sciences which treat of animals 
and plants in any phase of their existence. 

This includes plant study — that is, Botany — and animal 
study — that is. Zoology — in the broadest sense of these 
terms, with the many subdivisions of these subjects. AIJ 
the divisions of the science of the human body are subdi- 
visions of Biology. 

Similarity among Organisms. — These countless forms 
of life, diverse as they are, have much that is common to all. 
They live and move by the same laws, and have as their basis 
the same kind of substance. 

They can be thrown into a few groups, the members of 
which have a very great number of things that are common 
to all. For example, a single animal well known would lead 
us to a good general knowledge of the whole animal world. 

Thus, a study of the human body and its processes will 
give a knowledge of the processes of the whole animal king- 
dom. Muscles, bones, nerves, glands, hearts, lungs, eyes, ears, 
whatever the tissues and organs, all are essentially of the 
same composition, and possess the same properties and func- 
tions wherever found, whether in the human body or in the 
body of any of the lower animals. 

More than this, the organs of the bodies of all the animals 
in a single group — say, for example, those of the backboned 
animals, the vertebrates — are arranged on the very same plan. 
This plan is carried out in detail to a surprising extent, little 
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suspected by those who have not made critical comparisons 
of the bodies of different animals. Thus, a fore leg of a 
dog, of a cat, of a horse, of a rat, and of a frog, and the 
wing of a bird, would show very nearly the same muscles, 
bones, nerves, and blood vessels, arranged nearly in the same 
way as in the arm of man. A comparison of the other limbs, 
of the parts of the neck, head, and trunk, would reveal the 
same similarities of parts and order of arrangement. 

The study of the human body, then, may lead to a wider 
knowledge of the action of living organisms in general. Or, 
on the other hand, the careful study of some of the lower 
forms of animals would teach a great amount of what is 
known of the human body. 

The Great Range of the Adaptability of the Hu- 
man Body. — Of all the forms of the bodies of animals, 
the human body shows the most wonderful adaptations to 
the widest range of varying conditions. From this cause, 
the study of the human body presents us with a most varied 
and interesting series of problems. These extend from some 
very simple ones, easy to be understood, to others so diffi- 
cult that as yet they have baffled the greatest minds in their 
solution. 

This will appear on a little reflection, when we remem- 
ber how many various kinds of acts it can readily and 
accurately perform; how it can maintain a nearly constant 
temperature through many years of changing seasons, of heat 
and cold, and the ever- varying temperature of a single day; 
how it can take the materials of food and air and so manage 
them as to bring them into its various parts, and when 
there, to transform their elements into its own substance; 
how it can rechange these substances, and from the energy 
given off derive the sources of its own energy; how it can 
further be so affected by light, sounds, pressure, heat, fla- 
vors, odors, as to cause ideas to arise from their action; how, 
again, it may be shaken by emotions or influenced by the will 
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All these problems have in them a source of the keenest 
interest to some of the greatest intellects, and surely we may 
find that which may be of profit to us, even in a brief study 
of some of the more obvious phenomena of the human 
body. 

Objects to be gained in the Study of the Human 
Body. — The study of the human body may be made to 
contribute to the following results : 

1. It may be a means of intellectual growth in the attempt 
to comprehend its facts, to see the true relations of its parts, 
and to solve its problems. 

2. It may be a source of pleasure in seeing more clearly 
the wonderful adaptations of the body to its conditions, and 
in tracing its relations. 

3. It may give that basis in knowledge which will enable 
one to understand more clearly the numerous discussions 
which one must meet in his studies in regard to the activities 
of living organisms in general, and of the human body and 
mind in particular. 

4. It may give that knowledge which is the surest basis 
for an intelligent care of the health. 

The Study of the Human Body. — Divisions of the 
Subject — There are many points of view from which we may 
study the human body. 

1. We may examine and describe the structure of the 
body as a whole, and of each part separately. This science 
is called Anatomy. 

2. We may study the properties and uses of each part. 
This science is called Physiology, 

3. With facts gained from these preceding sciences, and 
from the results of experiences, we may form rules for the 
proper care of the organs of the body. This science is 
called Hygiene. 

Anatomy. — To illustrate : If we should take an arm and 
separate it into its parts-^muscle, nerve, bone, blood ves* 
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sels, and so on — and then carefully determine the position 
of each, and the relation of each to the others, such work 
is the study of the anatomy of the arm. Anatomy is the 
science which treats of structure. If the structure that is 
considered is only that which can be made out with the scal- 
pel and the naked eye, it is usual to refer to it as Gross 
Anatomy, 

But if the microscope is used to further analyze the parts 
to find their ultimate units, this branch of anatomy is called 
Histology^ or the science of tissues. 

Physiology. — Now, if, on the other hand, we study what 
is the action of each muscle, each tendon, the use of each 
bone; what the use of the blood, or nerve, or what are the 
properties of each, whether elastic or not, contractile or not — 
in short, the use or function and the properties of each part, 
our study is that of Physiology, 

Hygiene. — To attempt to establish what should be done 
to keep the parts of the arm in a good working condition 
^that is, how much the muscle could be worked or how 
little, what to do in case of a dislocated joint, a torn ten- 
don, a lacerated artery — all such subjects come under the 
head of hygiene. Hygiene is the science of the care of the 
body. 

To be more accurate, if it is the human body alone that 
is considered, we should say Human Anatomy and Human 
Physiology, as the general sciences of anatomy and phys- 
iology include the study of the structure and functions of 
all animals and plants as well as man. 

In school work the three sciences — anatomy, physiology, 
and hygiene — are often for convenience included under the 
one name, physiology. While this usage has become so 
general as to prevent breaking up this inaccurate use of the 
term, we should never lose sight of the real meaning of these 
separate sciences. Separate as they are in classification, they 
should never be separated in study. 
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Directions for Practical Work. 

Make systematic observations of at least some of the most conspicuous 
animals and plants in the immediate neighborhood with this end in view : 

To see how they are adapted to the conditions in which they are found* 
For example : How are the various organs of a robin adapted to the life 
it leads ? In this animal, its beak, its feet, its feathers, its wings, and 
its tail, may be examined with reference to what each does, and how it 
does it. 

Its food, its habits of flight, of nest building, choice of places for its 
nest, and many other matters may be observed to find an answer to the 
question of its adaptations. The hawks, snipes, wrens, and, in fact, any 
bird in the neighborhood, may be put under study. 

Besides these, the insects of various kinds can be used for a like pur- 
pose. Trace out some of the adaptations of some insect fpund in rotting 
wood, of one found on the bark of trees, or on the leaves of plants. See 
how their mouths are fitted for the particular kinds of food, their feet for 
clinging to what they mostly live upon. 

The same observations may be continued on fishes, frogs, and craw^ 
fishes. 

Observe the positions occupied by different kinds of plants. Keep in 
mind such questions as, What advantage is it to a tree to be tall ? What 
advantage does a vine get from its habits of climbing ? What advantage 
does any plant observed have from its peculiar form ? How is it that 
«ome plants can survive the winter while others can not? etc. 

These are only suggestive directions, but if teacher and pupil will try 
to carry them out, many others will come from them. 

These suggestions can not be finished in a single lesson, but are for con- 
tinuous work throughout the study of this subject. If continued from 
day to day, the most valuable ideas in regard to the relations of living 
things to their surroundings will be obtained, also many facts which 
form a basis for correct physiological conceptions. 

The work outlined above does not need for its aid any book. The names 
of the parts of the animals observed are not the object of this work and 
are not necessary to a determination of what office the parts perform in 
the animars life. This last can be best learned by the observation of the 
parts actually in operation. 

All such knowledge throws light on the actions of the human body, and 
is of the utmost importance in elucidating many of its activities. 
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Review Questions. 

1. What does any action of the human body show ? 

2. Give examples of adaptability shown by the body 

3. How is a day's life of the body made up ? 

4. Give illustrations. 

5. What of the number of other organisms ? 

6. Illustrate by examples. 

7. What is the range of form among them ? 

8. Illustrate by familiar examples. 

9. What relation has each to the place in which it lives > 

10. Give many examples and show how they illustrate the 
point 

11. What is Biology ? 

12. What are some of the divisions of the science of Biol- 
ogy? 

13. In what are living beings alike ? 

14. What relations has the study of the human body to 
the bodies of the lower animals ? 

15. Illustrate how they are alike. 

16. Give as many evidences as you can of the great range 
of adaptability of the human body to many conditions. 

17. Name the objects which may be gained in the study of 
the human body, and illustrate each. 

18. What are the divisions of the subject ? 

19. Define each and give illustrations of the definitions. 

20. What are the most exact terms to be applied to the 
study of the human body ? 

21. What of a common use of the term Physiology ? 



CHAPTER II. 

GENERAL STRUCTURE OF THE BODY. 

Materials of the Body — Tissues. — It will greatly help 
in getting clear notions of the body to learn first something 
of the nature of the materials of which it is composed. A 
very large and complex building may be made up of com- 
paratively few materials. 

These building materials are usually wood, iron, stone, 
glass, mortar, brick, paint, and paper. The many rooms, the 
many parts of each, such as doors, windows, and fixtures, but 
repeat over and over again in their construction some of the 
building materials given in the list. In each case the ma- 
terial is selected on account of its peculiar property, for 
example, glass where transparency is needed, iron for tubes 
or bars, stone for a broad and firm foundation, and so on. 

So in the human body. There is comparatively a small 
number of different kinds of materials, which are used over 
and over again in the construction of the various organs. 
These materials are called the tissues, 

examination of the Tissues. — The best way to get a 
clear conception of the tissues is to examine some part of a 
freshly killed animal. A joint from the butcher-shop would 
answer well. A leg of a frog or toad would be better, or a 
leg of a chicken or rabbit would be admirable. If the skin 
on the limb of one of these animals is slit down and turned 
back, it will be found to be tied down to the rest of the limb 
by white threads, which axe somewhat strong. This is con^ 
necHve tissue. 

In the thick part of the thigh is found a mass of what we 

(15) 
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usually call flesh or **lean meat." A closer examination 
shows this to be composed of a number of bundles which 
can be separated by gently pressing them apart. These sep- 
arate pieces are muscles, and will be found to end in strong 
white cords. These cords run to some point on the surface 
of the bones, where they are firmly fastened. The colored 
part of the muscle is muscular tissue^ the cords being connec- 
tive tissue. The muscular tissue has the property of con- 
traction; the connective tissue acts as strings, in this case to 
tie the muscle to the bone. 

Next, we may notice the hard, rigid bones, made in part 
of osseous tissue. This tissue is used where rigid bars or 
hard plates are required. Bones are tied to bones by strings 
and bands of connective tissue. 

Lying among the muscles and sending off numerous 
branches to them are other white cords, the nerves — nerve- 
fiber tissue. These can be distinguished from the connec- 
tive tissue by the way they enter the muscles, and from the 
fact that they are not so strong. 

Also packed closely among the muscles, or just under the 
skin, is the fat, or fatty tissue. 

If we cut open a joint, we will find the end of each bone 
covered with a thin cap of smooth, elastic substance, the 
cartilage^ or cartilaginous tissue^ and further examples of con- 
nective tissue binding all these parts more or less closely 
together will be found. 

Of the skin, the outer thin layer, together with the feath- 
ers and scales on the feet, and the claws in the chicken, and 
the hairs and claws in the rabbit, are forms of epidermal 
tissues. 

List of the Tissues. — Thus, in just one portion of the 
body the following seven easily distinguished tissues can be 
readily recognized : 

I. connective tissue (inelastic variety). 

8. muscular tissue (voluntary variety). 
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3. osseous tissue. 

4. cartilaginous tissue. 

5. fatty tissue. 

6. epidermal tissue. 

7. nerve-fiber tissue. 

This includes the majority of those in the human body, 
and in the chicken and in the rabbit they are like those in 
man. The remaining tissues which may here be mentioned, 
and to be described in more detail later, are : 

8. nerve-cell tissue. 

9. epithelial tissue. 

10. other varieties of muscular tissue. 

11. other varieties of connective tissue. 

12. sense-organ cell tissue. 

It may be repeated that the different parts of the body are 
made up by making use of these materials or tissues. For 
example, the heart is made of muscular, connective, nervous, 
and fatty tissues (principally) ; the eye is formed of nervous, 
sense-organ, muscular, connective, and epidermal tissues, and 
so on. 

Properties of the Tissues. — We can not here study in 
detail the properties of each tissue, but a brief view will be 
useful. While each tissue has several properties, each has 
one or more especially characteristic of it which marks it off 
from the rest. 

Muscular tissue can contract — ^that is, change its form — 
and thus produce motion. Osseous tissue is rigid, and can 
be used in plates, bars, or posts. Nerve-fiber tissue con- 
ducts impulses, and thus connects distant parts. Nerve-cell 
tissue can receive and originate pervous impulses. Con- 
nective tissue can be used as strings to tie parts together, 
the inelastic variety where there must be no giving, the 
elastic variety where some giving way is necessary, as in the 
walls of arteries. Epidermal tissues can be formed into 
plates, hairs, or nails for protecting organs. Epithelial tissue 
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forms linings of cavities, or even makes secretory cells. 
Fatty tissue is used as storage of extra food. Sense-organ 
tissue (sensitive cells in the eye, ear, etc.) is easily affected 
by light, heat, and the like. 

Organs. — The tissues are built up into parts of the body, 
each of which has a special function to perform. For exam- 
ple, the eye for seeing, the heart for pumping, the stomach 
for digesting a certain part of the food. Such parts with 
special functions are called organs. 

Systems. — ^Those groups of organs which are more or 
less united for a common purpose are called systems. For 
example, the heart, the arteries, the veins, and the capillaries, 
together with the lymphatic vessels, make up the circulatory 
system! 

The Order of the Groups of Parts, — The most comprehen- 
sive term in»the classification of the parts of the body is, first, 
the Body as a whole; the next in order of terms are the Sys* 
terns; the next are the Organs — these may be complex, as 
the eye, made up of simpler organs; or simple, as a single 
muscle. The next in order are the Tissues. The heart, 
arteries, veins, and capillary vessels are spoken of as the cir- 
culatory system. In like manner there are the osseous system, 
the musculat* system, the nervous system, the digestive system, 
the epidermal system, and the connective-tissue system. 

All these comprehensive systems are so connected in one 
grand comprehensive organism — the body — that they work 
together to accomplish well its many complex acts. 

The Structure of the Tissues. — To the naked eye the 
tissues appear to be homogeneous substances — that is, with- 
out structure or parts. But the microscope has taught us 
that each of the tissues has a very definite structure, each 
differing somewhat from the other, but all alike in the es- 
sential points. 

A thin slice of epidermis properly prepared shows (Fig. i) 
that its substance is not the sam« throughout, but that it if 
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Fig. 1. 

Sbction of thb Bpidbrmis, 

SHOWING THB CbLLS WHICH 
COMPOSB IT. 

Each dark spot is a nucleus 
of a cell; the lines the walU^ 



made up of a namber of small bodies whose surfaces touch 

each other, something like the bricks in a sidewalk or in 

a house. The gray matter of the 

brain, nerve-cell tissue, treated in the 

same way, shows it to be composed 

of a number of variously shaped 

bodies more loosely held together. 

Sections of glands, cartilage, and 

other tissues also show the substance 

to be made up of little bodies, more 

or less closely bound together. These 

bodies are called cells. 

The Cell. — The cell is the unit of the tissues. Either its 
multiplied form joined together in a mass, as in the epidermis, 
or the substances which they form around themselves, to- 
gether with themselves, as in the cartilage, or connective 
tissue, make up the tissues. The cell is the foundation of 
the tissues. It is the seat of all the ac- 
tivity of the body, whether in motion, 
sensation, growth, or nutrition. The cells 
are the individuals, the tissues the com- 
munities; the organs are larger, and the 
systems still larger groups of communi- 
ties. The whole activity of the body is 
but the sum of the activities of all the in- 
dividual cells in the tissues. 

Since these facts have been learned 
great attention has been given to the 
study of the cell. A microscope is neces- 
sary for obtaining a clear conception of 
this unit. 

A cell is a small (independent) amount 
of living matter. Its size, generally microscopic, ranges 
from the smallest thing yet seen with the highest powers of 
the microscope up to those plainly visible to the naked eye. 




Fig. 2. 

A Typical Cbll. 

The outside ring is the 
cell wall. The small 
circle is the nucleus; 
the smaller one included, 
the nucleolus. The sub- 
stance between the nu- 
cleus and the wall is pro- 
toplasm. The nucleus 
and protoplasm are Hy- 
ing^ matter. 
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The great majority of the cells in the human body, how. 
ever, are between y^ and jj^ **^ ^" •"*^** '" diameter. 
The cell often forms 
around itself a layer 
firmer than its con- 
tents, called the cell- 
■wall. The essential 
part of the contents 
of a living cell is 
always a substance 
c^t.6. protoplasm, in 
which is inclosed a 
small amount of sub- 
Stance of a slightly 
different appearance 
from the p r o t o - 
plasm, called the nu- 
a drawing of a typi- 
cal cell. The protoplasm 
and nucleus are . regarded as 
living matter. These parts of 
the cells are all of the body 
that is really alive. It is the 
action of this living matter, 
protoplasm, that we see in 
the activities of the body. 

The cell is not the unit of 
the tissues in the human body 
alone, but it is also the unit 
throughout the whole animal 
and plant kingdoms. A thin 
slice of wood, bark, leaf, or 
part of a fiower, or of a seed, 
shows it to be made up wholly 
of many little cells more or less closely cemented together. 



Fig. 3. 

Chlls fbom Cohkok Plants, macnifi«d. Drawn 

A. ^TDv jag cells ID ayounjf stem; B, cells la a thin 

seclloa of MayApple stcTD ; Z>.'ad'gatc>m,aoae-ccllcd 
plant found in ponds; E. a Rroup of one-celled plants 
from Uie gleea coating fanned on the north side of a 
locust-tree- 

deus. These parts are shown in Fig. : 




r,g.4. 

Cblls f«oh Animal Tissues, Hi 
A, a group of cells from a 
gland; A,' cartilage cells; iT, i 
cells from (he)lDla(rof(lieinoulb 
from the ob5ects 1^ E. H. 
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In plants they are like so many little boxes packed closely 
together. In Fig. 3 there are represented cells from some 
of the most common plants. Fig. 4 shows the appearance 
of certain tissues of the body. 

Shapes of Cells. — The shapes of the cells will depend 
in both plant and animal somewhat on the way they are 
crowded together, or on the method of their growth. In the 
large plant or animal the cells are no larger than those in the 
small one. The difference in sizes of animals and plants is 
due to the difference in the number of the cells which build 
them up. The higher plants arid animals, including m^n, 
consist of countless millions of cells, while the very lowest 
plants, as well as the lowest animals, consist of a single cell 
(Figs. 3 and 5). 

The Study of a Single-Celled Animal. — The animals or 
plants of only one cell offer more excellent opportunities for 
seeing how living matter acts than do the cells of the tissues. 
A drop of water from the scum or sediment of a pond, or 
from a vessel of water in which some vegetable or animal 
substance is" decaying, will generally show under moderate 
powers of the microscope great numbers of these one-celled 
animals or plants, darting rapidly or creeping slowly about. 

By some care they can be kept alive under the eye for 
some time and all their processes observed. In this case we 
may study our simple unit — the cell — in its activity, and see- 
ing what the independent cell can do alone, we may under- 
stand better what a .collection of units in the tissues can do, 
acting together. 

A One-Celled Animal as a Physiological Unit. — 
Among many one-celled animals, one tolerably common is 
well suited to our purpose. It is called the Amoeba (Fig. 
5). It is a small mass of protoplasm with a nucleus. It is 
a single cell, but without a cell-wall. It has the power of 
slowly changing its form, which it does by pushing out first 
one side of its body, then another. It can also pull all these 
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ABC 

Fig. 5. 

An Amgeba. Drawn by E. H. 

A , j9, and C, three successiye forms assumed by the 
animal in a few minutes. The specimen obtained in a 
ditch near Greencastle, Ind. 



projections in and take another shape. While it has no 
muscles, yet its whole body can contract. When it comes 
in contact with what may injure it, it draws away. When 

an object may serve 
as food, it pushes 
itself over the small 
object and holds it 
within itself until 
it is digested. If 
part of this food- 
object is indigesti- 
ble, it pulls itself 
away from it and leaves it behind. If it is jarred or struck, 
or an electric shock sent through it, it shows that it feels it. 
When it attains a certain size, it gradually separates into 
two parts, which move away, each to lead an independent 
existence. It takes up oxygen and throws off carbon dioxide 
{see Respiration). 

Now, all these things are just what the large body of the 
higher animal does, even the human body. This little ani- 
mal, with neither tissue nor organs, performs what the higher 
animal body does by means of organs and tissues. To be 
sure, its motion is not so rapid nor precise, its powers in any 
direction not so marked, yet its processes are motion, feel- 
ing, digestion, respiration, excretion, secretion, etc., the pro- 
cesses of all animals, even of the highest. 

What is the difference ? A few more steps in the scries 
between these two extremes will help us grasp the meaning 
of the difference. 

A Series of Animals connecting the Simplest with 
the Highest. — In our ponds there lives another little animal, 
just large enough to be seen with the naked eye — ^the Fresh- 
water Hydra (Fig. 6). This little animal has a sac-shaped 
body, from around the mouth of which extend six or eight 
arms. It can catch little animals with these arms, pull them 
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into its mouth, and digest them. It can move about, and 
perform many quite complex actions. Its actions are much 
more prompt, vigorous, and complex than those of the amoeba, 
yet a careful study of its structure shows it to have no true tis- 
sues, no muscles, nerves, brain, glands, eyes, ears, or the like. 
It consists of two layers of 
cells, in which the cells are in 
contact with each other (Fig. 
7), When one cell is touched 
it communicates this effect to 
its neighbor, and this to the 
next, and so on until all have 
felt it. Then, if it moves, it 
does so by almost all the cells 
contracting. Almost, if not 
all, the cells can digest, and 
all can carry on respiration, 
secretion, and other physio- 
logical processes. to show thi 
Now, physiologists have '^'"° ^"™ 
been able to fill up the scries ,nc up !t» 
with examples of animals ^oot- e.h. 
which show more and more perfectly developed tissues, until 
we arrive at man and the highest animals, which have the 
perfect tissues enumerated above. The contemplation of 
such a series led a great physiologist, Milne- Edwards, to 
speak of the tissues of the higher animals as showing a con- 
formation to the principle of Division of Labor. 

Division of Labor. — Communities of men are organized 
on this principle, and by this means a number of men working 
together can accomplish vastly more than the same number 
working separately. For example, in one community one set 
of men plant and gather in the crops; another set grind the 
grain; another make it into bread; another make cloth; an- 
other make clothes; asother make leather; another make 
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shoes; and some act as physicians; some lawyers, etc. The 
whole work of the community is so greatly divided up that it 
would take a whole book to give a list of the various processes 
performed. Now, every person receives great advantage 
from the action of this principle. Each learning to do well 
one set of actions, can turn out perfect products of his 
skilled labor, and by a system of exchange can come to 
possess the products of the skilled labor of others, and thus 
have all the conveniences and luxuries of civilized life. If 
each should be compelled to work alone and not receive 
any advantages from his neighbor's work, he could accom- 
plish very little, and that of an inferior grade. In this way 
the human race would have made but little progress, and 
civilization, with all that it means, would be impossible. 

Physiological Division of Labor. — In the human body 
the various groups of cells called tissues have divided among 
them the various physiological processes — muscle cells for 
i:ontraction ;' gland cells for secreting digestive liquids; nerve- 
fiber cells for the conducting of impulses; sense-organ cells 
of different kinds to be affected by light, sound, etc. These 
groups, attending to their functions either alone or jointly, 
allow the whole group of communities to perform in a won- 
derfully better way these processes than could all the cells 
working separately, as in the amoeba. This is known as 
Physiological Division of Labor, The reader will find profit 
in extending this comparison to a much greater limit than 
given here. A clear comprehension of the relation of the 
human body to the single-celled organisms is the key to a 
correct view of the processes in the higher forms. 

Life of the Cells in the Tissues. — While the individual 
cells thus grouped into tissues have the characteristic activ- 
ities just described as peculiar to the group, still each cell 
retains many forms of activity common to all living cells. 
Each cell still takes in oxygen and throws off carbon dioxide; 
each cell requires food as much as if it lived alone. They all 
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"have at least at some time in their life the power to increase 
in size and reproduce themselves by dividing, generally into 
two parts, just as the amoeba or any other one-celled animal 
or plant may do. 

This is the way the tissues grow — that is, by the growth 
and multiplication of the individual cells, which push on 
each other and thus extend the whole tissue into a new and 
larger size; or where the tissues are torn or otherwise in- 
jured, replace the lost parts and knit the whole together 
again. 

Organisms constructed on Definite Plans. — As in 
the construction of a house, of a bridge, of a ship, or of an 
engine, there is a plan by which the parts are grouped to- 
gether, so in all organisms the structure always follows some 
definite plan. Indeed, a plan is essential in the conception 
of the term organism, as it is essential to the existence of the 
organism itself. The plan of each limits its operations. 

While it would require wide observation and long study 
to comprehend the full meaning of the plan of any organ- 
ism, yet even a cursory view of the main features of the 
plans on which animals are constructed will help in gaining 
a knowledge of the human body. 

Plan of the Body. — The human body is constructed on 
the plan of the body of all vertebrate animals. The ver- 
tebrates are the fishes, reptiles, batrachians (frogs and sala- 
manders), birds, and mammals. The plan consists of a cen- 
tral axial portion formed of the head and trunks connected 
in man and in most vertebrates by the neck. This last is 
absent in most fishes, the head being continuous with the 
body. Certain portions of the trunk are extended into two 
pairs of appendages, the arms and legs. These are rudi- 
mentary or absent, in part or altogether, in some vertebrates. 
But when present, the appendages are always in the same 
relative positions and formed on the same plaas. Only in 
man are the first pair used exclusively as arms. 
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Fig. 8. 

Showing Plan of Cross-sec- 
tion OP A Vertsbrate. 

Outside ring, skin of body; 
A , alimentary canal; By axial 
blood tube: iV, axial nerve 
cord; BC^ Sody cavity (tho- 
racic or abdominal). £. H. 



The axial portion — ^the head, neck, and trunk — consists 
of a sort of double tube; the outside integument, or skin, 
being one portion, and the lining of the alimentary canal 

the other. Between the surfaces of 
these tubes lie all the organs of the 
body, arranged in a definite order in 
relation to these. 

Imbedded in the dorsal surface of 
the trunk, midway between the walls 
of the two tubes mentioned, is a rigid 
axis. In man and most other verte- 
brates this consists of a series of bones 
closely locked together. This is called 
the axial skeleton^ consisting of a skull 
and a spinal column. 

Inclosed in this axial skeleton is the 
brain and the spinal cord, which is the 
axial portion of the nervous system. 

In the ventral side of the trunk of man and other ver- 
tebrates there is always present a cavity, known in Compara- 
tive Anatomy as the body cavity. In many vertebrates, as 
in the frogs and fishes, it consists of one room, containing 
the lungs, heart, liver, stomach, intestines, etc. In the class 
to which man belongs — the mammals — it is divided into two 
rooms by a partition called the diaphragm; the upper (an- 
terior) room is the thoracic cavity^ the lower (posterior) the 
abdominal cavity. Suspended in one are the lungs and heart; 
in the other, the main organs of digestion. 

Lying between this body cavity and the axial skeleton is 
the main axis of the circulatory system — the aorta. 

Just ventral to the axial skeleton, and back of the axial 
blood tube, lies the main axis of the sympathetic nervous 
system (Fig. 8). 

Between the outer skin and the walls of the body cavity 
lies the mass of voluntary muscles of the trunk, and im- 
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Fig, 9. 



bedded among them the bones, nerves, and blood vessels. 
This order of arrangement is* preserved throughout the 
vertebrate group. Indeed, such animals are grouped to- 
gether because they have the same plan. 

The plan of Worms and Insects (Fig. 9) agrees in 
having head and trunk and appen- 
dages; also, in having the parts of 
the trunk between the walls of the 
double tube, and in possessing a body 
cavity; but differs materially in the 
absence of an axial skeleton, and in 
having the axial portion of the nervous 
system on M<? ventral side of the ali- 
mentary canal and the body cavity. 

In such animals as Snails and 
River Mussels (Fig. 10), while there 
is the double tube, the body cavity, 
and an axial blood tube, there is no 
axial skeleton or axial nervous system, 
either ventral or dorsal. The nervous system is scattered 
through the body. 

In the Fresh-water Hydra (Fig. 
7), the double-tube arrangement is not 
present, the digestive cavity being a 
depression in the body. The body 
cavity is not evident. There is no ner- 
vous, muscular, or blood system. 

These plans do not exhaust the list, 
but serve to show how the general 
plan of an animal may vary. Still, 
the general plans are not very nu- 
merous, and allow a classification of 
immense numbers of forms into a few groups. 



Showing Plan of Cross-sec- 
tion OF Insects And 
Worms. B. H. 

Ay alimentary canal; B^ 
axisu blood tube; BC^ body 
cavity; N^ axial nerve cord. 




Fig, 10, 



Plan op Cross-section op 
River Mussel. E. H. 

Ay alimentary canal; By 
axial blood tube. 
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Directions for Practical Work. 

To show the Tissues. — As was stated in the text, the leg of a chicken 
answers excellently for the purpose of demonstrating the tissues. The 
whole leg, foot and all, should be used. Make an incision lengthwise 
with the leg. The skin is easily separated from the parts beneath, and 
should be turned back and not entirely removed. This immediately ex- 
poses the parts in a compact mass. 

To show of what the mass of flesh is composed, separate the parts com- 
pletely. This can be done by pressing them apart with some blunt instru- 
ment, like the handle of a scalpel, or a sharpened pencil, as the small 
amount of connective tissue holding them together may be torn easily. 
The blade of a knife may be used, but with care, to separate the most 
resisting points, or it will cut into the parts and destroy the dissection. 
Do not cat away the muscles, tendons, or nerves. By this means all the 
muscles of the leg can be separated and the tendons traced in their 
attachments to the bones. The nerves and blood vessels and the fat may 
also be seen. The muscles can be pulled, and thus show how the limb 
would be moved by each, how the tendons act, etc. 

If the specimen is to be kept a day or so, the skin must be replaced on 
it to keep it moist. 

The feathers may now be examined and the mode of their insertion. 
Also the insertion of the sort of scales on the legs and the claws. This 
demonstration is very easily made and will abundantly repay the trouble 
it takes. By now laying open one of the joints, cartilage may be observed, 
and by cutting through the bone its appearance may be studied. 

If a chicken is not available, any other small animal, as a squirrel, rat, 
or bird of some kind, or a frog or toad may be used. Even a soup-bone 
from the butcher shop would be better than nothing. 

To study Cells. — For this purpose a compound microscope is neces- 
sary. To show the form of plant cells, make thin slices of any part of the 
plant and mount the slice in water and examine. 

The following are good objects : Pith of elder, cork, potato, a young 
growing stem. For a single-celled plant take the green coating which is 
often found on the north side of trees. Scrape off a little and mount it 
in water, and large numbers of round green cells maybe seen. Sediment 
from a ditch or pond will show great numbers of one-celled plants. One- 
celled animals may be found also in ditch or pond water. Great num- 
bers of Paramecia, one-celled animals, may be obtained by allowing a 
piece of vegetable matter — apple-paring, for example — to stand in a glass 
of water in a warm room until it begins to decay. The scum around the 
decaying apple-paring will abound in the little animals. Their motions, 
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feeding, and divisions for reproduction may be observed. Cells in the 
tissues of animals are harder to prepare. The easiest to obtain is a slice 
of cartilage made with a razor and mounted in water. A bone with the 
fresh cartilage can be obtained at the butcher shop. The teacher can 
easily learn to prepare the more difficult tissues, or can purchase prepared 
specimens. 

The Hydra is to be looked for on floating sticks or plants in ditches or 
ponds. Sometimes they are found in great numbers; at other times they 
are scarce in the same locality. Amoebae are found in similar situations, 
and, although common, can not always be obtained. 



Review Questions. 

1. What are the common materials used in building 
houses ? 

2. For what is each used and why is it selected for that 
particular purpose ? 

3. What are tissues ? 

4. Have you seen animal tissues 1 Describe the appear- 
ance of each tissue that you have recognized. 

5. What properties are characteristic of each ? 

6. How do .these compare with the building materials of 
the house ? 

7. What is connective tissue used for in the body? Mus- 
cular tissue ? Fatty tissue ? Nerve-cell tissue ? Nerve-fiber 
tissue .? Epidermal tissue 1 Epithelial tissue ? Sense-organ 
cell tissue ? Cartilaginous tissue 1 

8. Give a number of places where each is made use of. 

9. What is an organ ? 

10. Of what is it composed ? Illustrate. 

11. What is a system? Illustrate. 

12. Give the relations of tissue, system, organ, and body 
to each other. 

13. Describe the structure of a tissue. 

14. Illustrate with drawings. 

15. What is the unit of the body? 
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1 6. What IS a cell ? 

17. Explain why the cell is considered the unit of the 
body. 

18. What does Fig. i show? 

19. What are the dots and what the lines in the figure? 

20. How are the tissues of glands and cartilage made up ? 

21. What is the relation of the cell to the tissues? 

22. On what does the activity of the cell depend ? 

23. Of what importance is the cell ? 

24. Define a cell, and describe a typical one. 

25. Explain Fig. 2. 

26. How large are cells ? 

27. What is protoplasm ? 

28. What is the active part of the cell ? 

29. In what else beside the human tissues is the cell 
the unit ? 

30. How are plants made up ? 

31. Describe each part of Fig. 3. 

32. Explain Fig. 4. 

33. On what do the shapes of the cells depend ? 

34. What relations do the size of the cells have in differ- 
ent animals and plants ? 

35. Where may single-celled animals be found ? Have you 
ever seen any such ? 

36. What advantage does their study offer ? 

37. Describe the amoeba. Where found ? 

38. What can it do ? How does it perform each action ? 
Has it tissues or organs ? 

39. How does it reproduce itself ? 

40. How do its actions compare with those of the human 
body? 

41. Describe the fresh-water hydra. Of what actions is it 
capable ? 

42. What is the structure of its body? 

43. How does it move, feel, digest, etc.? 
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44. What does Fig. 7 show ? 

45. What would a series of animals from the lowest to the 
highest show in regard to tissues ? 

46. What is the principle of the division of labor ? Illus- 
trate from your own community. 

47. What advantages does the community derive from it? 
Illustrate. 

48. How is the principle made use of in the work of the 
body? 

49. What advantages are gained by it ? 

50. What of the individual Hfe of each cell in the tissues? 

51. Compare now the amoeba to the human body, as re- 
gards both structure and actions. 

52. How do tissues grow? 

53. What of the plans shown by the structure of the or- 
ganisms ? 

54. Describe in detail the plan of the vertebrates. 

55. Reproduce Fig. 8, and explain it. 

56. Describe the plan of the bodies of insects and worms. 

57. Reproduce and explain Fig. 9. 

58. Reproduce and explain Fig. 10. 

59. What is the plan of the body of a fresh-water hydra ? 



CHAPTER IIL 

THE SKELETON. 

General View of the Skeleton. — One of the distinguish- 
ing characteristics of animals is their power to move from 
place to place. Most of them accomplish this by pushing 
against something with a part of their bodies. Those that 
swim, push against the water; those that fly, against the 
air; and those that walk, run, jump, or climb, push against 
some solid body. In all these cases the force is exerted by 
muscles, which act on more or less solid levers. The levers 
are applied at their outer ends, by the proper organs, to either 
the air, water, or the solid ground, and at their inner ends to 
the main body of the animal. This calls for firm, solid parts 
in the main body or trunk. All these solid parts together 
are known as the skeleton. 

The Two Kinds of Skeletons. — These solid parts in 
such animals are supplied in two ways : 

In one group, such as craw-fishes, insects, crabs, and lob- 
sters, the outer portion of the body is made into a hard 
crust, with joints in the limbs and generally in the body. 
Inside of these hard coverings are the muscles, which are 
attached to places in the limbs and to the main trunk, so 
that when the muscles pull, the limb will be bent or straight- 
ened, and thus push the body along. 

In the other group, including all the vertebrates^ or ani- 
mals with backbones — that is, fishes, frogs, reptiles, birds, 
and mammals — the firm, solid portions which are to act as 
levers to push the body along, or to make the body firm 
so that it may receive the effect of those pushes, are buried 
(32) 
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deep in the limbs or in the 
trunk, and are covered by 
the muscles, which are at- 
tached to the outside of 
them. 

Thus, while we may see 
these two kinds of skele- 
tons formed in these dif- 
ferent ways among animals, 
yet the main purpose is the 
same in both — that is, to 
act as a system of levers 
by which the force from the 
contraction of muscles may 
be applied to accomplish 
the various motions of their 
bodies, not of locomotion 
only, but of all the motions 
of the body, except those 
of the heart, blood vessels, 
and alimentary canal. 

In those animals which 
have their skeleton exter- 
nal, it is only the skin that 
is very much hardened. 
This is called the exoskele- 
ion. In vertebrates the 
skeleton is a development 
of a special class of tissues 
for this purpose, true bone, 
cartilage, and connective 
tissue. This is called the 
endoskeleton. 

Plan of the Skeleton. 
— In the study of the hu- 
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man skeleton we may be greatly aided 
by a comparative study of the slcele- 
tons of other vertebrates — say of a dog, 
cat, chicken, or frog. In fact, any skel- 
eton will help us. We will find all ver- 
tebrate skeletons built upon the same 
plan, and in the higher vertebrates, as 
in a cat or dog, almost the same bones 
with nearly the same shape. 
The plan consists of: 
First. — A fairly rigid lony axis, com- 
posed of the spinal column and the boms 
of the head. To a part of the spinal 
column are attached the ribs, the main 
use of which is to serve as the frame- 
work of a breathing apparatus. 

Second. — Attached to the bony axis 
are the two portions of the appendicu- 
lar skeleton, the bones of the limbs and 
the bony arches by which they are at- 
tached to the trunk. 
1 The upper arch is the pectoral 

girdle; the lower, Wm pelvic girdle. 

I The Spinal Column The 

§ Spinal Column consists of twenty- 

^ six pieces : twenty-four vertebra, 

I the sacrum, and the coccyx. The 

■3 vertebrEE are repetitions of a single 

form, with small differences in the 

development of its parts to answer 

to the requirements of the different 

parts of the column. The sacrum 

is really composed of five vertebne 

rjg j2. grown together, and 

vuiTiMLu-Counoi. ^e coccyx of four 



sleet a dorsal vertebra 
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rndimentary vertebrEB grown together. In some animals the 
sacrum and coccyx remain in separate vertebrae. The ver- 
tebrae are known in three groups: 

Seven Cervical vertebra — those in the neck. 

Twelve Dorsal vertebra — those to which the ribs are at- 
tached, known also as Thoracic vertebra. 

Five Lumbar vertebra — those in the loins (see Fig. iz). 

A Vertebra. — Any one of the vertebrae might be chosen 
for the study of the plan. Let us select a dorsal vertebra 
(Fig. 13). It consists of a large cen- 
tral part, the body or centrum, which 
bears seven projections or processes 
— one long one extending backward 
and downward, the spinous process; 
one on each side, the transverse pro- 
cesses; and two forward and two back- 
ward processes to join corresponding 
processes on the vertebra before and 
the one behind, by which a slightly 
movable joint between each two ver- 
tebra is formed. The spinous pro- 
cess may be considered to stand on 
two roots, which on joining the cen- ^- '^■ 

trum inclose the opening through a Dorsal VaRTHBitA. cuowh 
which the spinal cord extends as far '" " ™™"- 

as the second lumbar vertebra, while a bunch of nerves passes 
through the remainder of the canal. 

It would be very interesting and profitable to compare the 
various vertebr£e with each other, and make out on each the 
body, the seven processes, and the foramen. This can be 
done with the vertebrje of the lower animals as well as with 
the human vertebrae. 

Atlas and Axis. — -The vertebra which differs most from 
the one described as typical is the first cervical vertebra, 
called the Atlas; It is fitted to support the skull by meam 
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of its articulation with the occipital bone above. It articu- 
lates with the second cervical vertebra below, called the 
axis, which bears the odontoid process ^ around which it can 
turn as on a pivot. This arrangement permits much freer 
motion than is allowed between any of the other vertebrae. 
By this means the turning of the head through a large part 
of a circle, and the nodding of the head on any part of that 
circle, is possible. 

Articulation of Other Vertebrae. — Between the bodies 
of the vertebrae are pads of an elastic tissue (fibro-cartilage) 
which, while they bind them firmly together, also allow con- 
siderable motion. They are quite elastic, thus acting as 
springs in getting rid of the effect of jars to the body, espe- 
cially to the head, in walking, running, or jumping. 

The processes are for the attachment of ligaments, which 
bind firmly one vertebra with its neighbors and with the ribs. 
They are also used for the attachment of very many muscles, 
some of which move the limbs, some the head, and some the 
ribs. 

The canal which is formed by bringing into line (see Fig. 
12) the openings in the vertebrae is the spinal canal, which 
is a passage for the spinal cord, well protected by masses 
of bone and tough ligaments and masses of muscle. 

The separate vertebrae, fitted together so nicely and 
bound together so strongly, make the spinal column a firm 
mass, having several uses, the main ones being as the prin- 
cipal axis of support for the rest of the body, and for the 
attachment of the great muscles which produce the motions 
of the trunk, head, and limbs. 

The Ribs.^Attached to the twelve dorsal vertebrae are 
the twelve pairs of ribs. These curve downward and for- 
ward, the first seven joining by elastic rods of cartilage to 
the breast-bone, the sternum^ the cartilages of the next three 
not reaching to the sternum, but joining to the cartilages of 
rtiose above. The front extremities of the last two are free. 
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Hyoid Bone. — The hyoid bone is a small U-shaped bone, 
which can be felt just beneath the skin above that part of 
the larynx called "Adam's Apple." The convex part of the 
bone is forward, its points extending backward. Many mus- 
cles are attached to it, the largest of which is in the root of 
the tongue. 

The Skull The anterior end of the axial skeleton is 

the skull, which is 
divided into a cranial 
and a facial portion. 

The cranium con- 
sists of eight bones, 
which form the walls 
of a room in which 
the brain is lodged. 

The centra! part of 
the floor of this room 
is the sphenoid bone, 
a very irregularly 
shaped bone, whose 
edges touch each of 

... F'S- '*■ 

the other bones m 

the cranium. "" ''"^' 

There rises up from it behind, the occipital hone. This is 
perforated by a large opening for the passage of the spinal 
cord, called the foramen magnum. 

From each side rises a temporal bone. This has imbed; 
ded in it the channels of the ear. The external auditory 
canal is very conspicuous in it. 

Rising above each temporal bone, and joining each other 
along the median line, are the parietals. These join the 
occipital behind and the frontal in front, and with it make a 
dome-shaped roof. 

The frontal also makes the front wall and a large part of 
the floor of the room. 
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Also, in the floor in front is the ethmoid bone, which is per- 
forated for the passage of the many filaments of the olfac- 
tory nerves. The ethmoid extends downward from the 
cranium and joins many bones of the face. 

The other bones of the floor of the cranium are perforated 
for the passage of blood vessels and nerves to and from the 
brain. 

The facial portion consists of fourteen bones; those bear- 
ing the teeth, one lower maxillary, or mandible, and two 
superior maxillariss. Above these, and prominent in the 
cheeks just under the eyes, are the malar bones. The two 
nasals form the bridge of the nose, the vomer helps form the 
partition between the nostrils. The two lower turbinated bones 
form rolled shelves projecting into the nasal passages. The 
tvia palate bones are just back of the superior maxtllaries, but 
so imbedded among the other bones that only the small por- 
tion which helps form the hard 
palate is easily seen. The two 
lachrymals are each near the in- 
ner angle of the orbit of the eye, 
and each is perforated by a tear 
duct. 

In the cavity of each middle 
ear is the series of ear bones, 
the malleus, incus, and stapes. 

The Appendicular Skele- 
ton — This term is applied to 
the bones of the arms and legs 
and the arches of bone which 
serve to attach them to the 
%- '5- trunk. 

Shodldeh Bladb. The shoulder girdle is the 

Scafuia. upper arch, and consists of the 

teapula and clavicle. The scapula — the shoulder-blade— is a 
flat, triangular bone on the back of the shoulder. It has a 
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shallow cup at one corner for the articulation of the head of 
the humerus. The clavicle — the collar-bone — can easily be 
traced under the skin at the base of the neck. It extends 
from the upper end of the sternum to the scapula, and serves 
to hold the shoulder joint back from the chest. 

The bones of the upper limb are: The large bone of the 
arm, the humerus (Fig. i6), the upper end having a rounded 
head to articulate with the socket 
on the scapula, the lower end with 
a grooved surface to articulate with 
the bones of the fore-arm. The 
bones of the fore-arm are the radius 
and ulna. The radius is broad at 
the wrist and forms the articulat- 
ing surface for the hand, which it 
carries. The ulna has its large | 3 

end at the elbow. It forms with \ ^ 

the humerus that part of the el- 
bow joint which works like a 
hinge. When the whole arm is 
straightened the humerus and ulna 
form a rigid bar, by a projection 
on the ulna locking in a depression 
on the humerus. The radius is 
turned over the ulna in the act of Fig. 17. 
turning over the hand. When the boneopFom 
"S" '"• palm of the hand is turned upward, *""■ 

HuHHiius. the radius {on the thumb side) is parallel with the 
ulna. When the palm is turned downward, the radius crosses 
the ulna. 

This power of rotating the radius and thus turning the 

hand is also possessed by the monkeys, very slightly by cats, 

but not by dogs, while in horses and cows the radius and 

ulna are fused together into one bone. 

The bones of the wrist are the carpals. They are small in 
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size and irregular in shape, and are arranged in two rows of 
four in each row, and are bound firmly together. The five 
metacarpals come next, supporting the palm of the hand and 
acting as the base of the thumb and fingers. The skeleton 
of the fingers consists of the phalanges (singular, phalanx), 
two in the thumb and three in each finger. The first meta- 
carpal, carrying the thumb, has a much freer motion than the 
others, thus allowing the thumb to be brought opposite to 
any one of the fingers. This greatly increases the useful- 
ness of the hand as a prehensile organ. 

The Pelvic Girdle consists of one bone on each side, the 
OS innominatuM (the hip-bone). This bone is braced against 
the sacrum behind, and its fellow in front, and presents on 
the outer surface a deep cup for the reception of the head 
of the femur. This cup is called the acetabulum. This arch 
of bone is made very firm, since in supporting the weight of 
the trunk or in carrying any additional weight, and in run- 
ning, walking, or jumping, great force is applied to it through 
the femur. 
The bones of the lower limb correspond mainly to those 
of the upper 
limb. In the 
thigh is the 
large femur, 
joining with 
the hip-bones 
above and 
with the tibia 
at the knee 
^'^- '*■ joint. Below 

BoNBS or THH Foot-Skctiobal View. ., , 

the knee is 
the large tibia, and parallel with it, the slender _/f^«/u. In the 
ankle are the tarsals, seven in number; the one articulating 
with the tibia is the astragalus, the large one in the heel, the 
calcaneum (Fig. i8). The other five are small. In the arch 
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of the foot are the five metatarsals^ which support the toes 
with fourteen phalanges. The patella is a bony disk im- 
bedded in the large ligament which lies over the knee. It 
is called the knee-cap. Sometimes small bones are found 
imbedded in some of the ligaments on the under side of the 
foot, which are called the sesamoid bones. 

Comparison of the Human Skeleton with the Skele- 
tons of other Animals. — In comparing the human skele- 
ton with those of such animals as the horse, the cow, and 
the dog, such differences are seen as are demanded by the 
different methods of locomotion. The spinal column of man 
is narrower toward the head and broader toward the pelvis. 
The pelvic girdle is broader. The bones of the face are 
reduced in size, while those of the cranium are greatly de- 
veloped to accommodate a greatly developed brain. The 
whole head is balanced on the top of the spinal column 
instead of being suspended from its extremity. The arms 
are held back by the clavicles. The upper limbs are other- 
wise modified for prehensile organs. The lower limbs are 
brought to support the body in a perpendicular position. 
The foot also shows its adaptation to the peculiar positions 
of the human body in locomotion. 



Directions for Practical Work. 

If a human skeleton or parts of it can be obtained, this should be done. 
Sometimes a little trouble may procure a loan of parts of the skeleton 
from a physician or a neighboring school. 

But no school need be without a good skeleton of a dog, or of a cat, 
or of a rabbit, any one of which would well illustrate the subject, as the 
bones are very much like those of the human skeleton. The greatest 
differences are found in those of the skull. Often these may be found in 
the fields or woods already prepared. But if not, a skeleton may be pre 
pared with some little trouble. 

Two or three of the class might undertake this, the bones being kept 
for succeeding classes. 
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Clean off as much of the flesh as can be readily done with a knife. 
Separate the parts and boil them in water, containing a few lumps of hard 
soap and a small amount of saltpeter. This will loosen the tendons and 
ligaments so that they can be scraped off. The process will also remove 
the fat of the marrow. After they have been thoroughly cleansed they 
may be bleached, if desired, by leaving them exposed to the rain and 
sunshine. 

Members of the class may from the fields and woods add many separate 
bones of different animals, which can with little trouble be made suffi- 
ciently clean to work with. Such means of obtaining correct ideas of 
bones are superior to descriptions and charts. 



Review Questions. 

1. How do animals move ? 

2. What is the skeleton and its use ? 

3. What is the difference between the skeleton of a craw- 
fish and that of a dog ? 

4. What are the two kinds of skeletons ? 

5. Give examples. 

6. Of what is each kind composed ? 

7. What of the comparative study of skeletons 1 

8. What is the plan of the human skeleton ? 

9. Describe the spinal column. 

0. Give the groups of the vertebrae. 

1. Describe a vertebra. 

2. Describe the atlas. 

3. How does it articulate with the skull ? With the 
s? 

4. What motions does this arrangement permit ? 

5. How are the other vertebrae joined together ? 

6. What advantages are thus gained ? 

7. What are the uses of the processes ? 

8. How is the spinal canal formed ? 

9. What are the uses of the spinal column as a whole ? 
20. Describe the position of the ribs. 
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21. How are they attached ? 

22. Give the position and description of the hyoid bone. 

23. Describe the skull. 

24. Name, and give the position of, each of the bones of 
the cranium. 

25. Where is the external auditory canal ? 

26. Where is the foramen magnum } 

27. Point out these bones in the figure of the skull. 

28. Locate each of the bc^nes of the face. 

29. Wfiat is meant by the^ Appendicular Skeleton ? 

30. Describe the shouldjsr girdle. 

31. Locate the humerus, and give its articulations. 

32. What are the bones of the fore-arm, and how are they 
arranged ? 

33. How is the motion of turning the hand over accom- 
plished ? 

34. Where are the carpals ? Give arrangement. 

35. Locate the metacarpals. 

36. What are the phalanges, and how are they distri- 
buted ? 

37. Give the action of the fingers and the thumb. 

38. Draw a diagram showing the relations of the bones of 
the upper extremities. 

39. Describe the pelvic girdle. 

40. Describe the femur and its articulations. 

41. Name and locate the bones of the lower portion of the 

leg. ^ 

42. What is the use of the pectoral girdle ? 

43. Describe the tarsus.- 

44. Where is the astragalus and calcaneum ? * 

45. Locate the patella. 

46. What are the sesamoid bones ? 

47. Give the main differences between the human skeleton 
and those of the lower animals. 
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TABLE OF THE BONES. 



I. Axial Skeleton. 

A, Skull, 28. 

1. Cranium, 8. 

a. Frontal, forehead, • 

b. Parietal, . . , « 

c. Temporals, temples, . 

d. Occipital, .... 

e. Sphenoid, . . « . 
y. Ethmoid, . • . ♦ 

2. Face, 14. 

a. Inferior Maxillary, lower jaw, 

b. Superior MaxiUaries, upper jaw, 

c. Palatine, palate, 

d. Nasal Bones, bridge of nose, 

e. Vomer, .... 

f. Inferior Turbinated, . 

g. Lachrymals, . ' . 
h, Malars, cheek bones, . 

3. Bones of the Ear, 6. 

a. Malleus, • • • » 

b. Incus, .... 

c» o tapes, . • . ij 

B, Spinal Column, 26. 

1. Cervical, or neck vertebrae, 

2. Dorsal, or thoracic vertebrae, 

3. Lumbar vertebrae, 

4' Sacrum, • • « 

5. Coccyx, . . , , c 

C, Thorax, 25. 

I. £v,lDS, « • <. •> 

2, Sternum, . . • . . 
/?. Hyoid, I, ... * 

II. Appendicular Skeleton. 

A. Shoulder Girdle, 4. 

1. Clavicle, collar-bone, 

2. Scapula, shoulder-blade, . 
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B, Upper Extremities, 60. 

1. Humerus, . 

2. Radius, 

3. Ulna, 

4. Carpals, wrist bones, 

5. Metacarpals, 

6. Phalanges, 



C. Pelvic Girdle, 2. 

I. Os innominatum. 



D. Lower Extremities, 60. 

1. Femur, thigh bone, , 

2. Tibia, 

3. Fibula, . . • 

4. Patella, knee-cap, 

5. Tarsals, ankle bones, 

6. Metatarsals, bones of the instep 

7. Phalanges, bones of the toes. 
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CHAPTER IV. 

STRUCTURE OF BONE.-ARTICULATIONS. 

Structure of Bone. — A bone as seen in a prepared hu- 
man skeleton, or one of some of the lower animals picked 
up in the fields, shows us only the hard calcified portion of 
the bone. A living bone, or one in a fresh condition — the 
femur, for example — has the two extremities capped with 
a layer of dense, white elastic tissue, called cartilage^ and 
a sheath of connective tissue, the periosteum^ inclosing the 
shaft. Beneath these coverings lies the calcified portion. 
The shaft of the bone is hollow, the space being filled with 
yellow marrow. The walls of the shaft are thick and of great 
density. At the extremities of the bones only the outer layer 
is dense, the interior being occupied with a loose net-work of 
bone, something like a sponge. The spaces are filled with a 
substance called red marrow. Distributed through the peri- 
osteum and penetrating the hard substance of the bone are 
great numbers of blood vessels. Even in the densest part of 
the shaft every small portion contains a complete net-work of 
small blood vessels, called the Haversian canals, (See Fig. i8.) 

Uses of the Parts. — The whole bone, as the femur, is used 
as a lever, and also as the fulcrum of another lever at the knee. 
The cartilage caps present as smooth surfaces as possible for 
movement in the joints. The periosteum furnishes a means 
for the attachment of tendons of muscles and of the ligaments. 
It also supports the blood vessels which supply nutrition, and 
the nerves which control the nutrition of the parts beneath. 
The hard part of the bones, the calcareous substance, is to 
make the bone rigid. This is distributed through the bone 
in an excellent way to give, with a small amount of material, 
great strength and considerable surface, especially at the ex- 
(46) 
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tremities, for the formation of joints and surfaces for attach* 
ment of the tendons and ligaments. 

The yellow marrow is probably like fat — a storage tissue. 
The red marrow is thought to be the place where the red cor- 
puscles of the blood are formed, which fact makes it one of 
the most important substances in the body. 

The Minute Structure of the Calcareous Portion. — 
A thin sliceof dry bone will show it to be penetrated (Fig. 19) 
with a great many 
channels running into 
each other. These 
are passages for the 
blood vessels (Haver- 
sian canals). Around 
the tubes are nu- 
merous irregularly 
shaped spaces (la- 
cunae), from which 

the minute passages ■*■ r ia * 

extend (canaliculi). ^^^^ SKcno«i oi- dsv bobk. 

In the living bone ^,lonp,udina!: Acro».s«Iion. THechanntb 

the bone cells occupy t^'^T^^^'^^^ tiiZl^'. T^TtoS 
the lacuDEE, and they ''"^ "* ™*i/i™/i-. 

receive their nourishment from the blood flowing through the 
Haversian canals, which can penetrate to them in their stony 
prisons through the canaliculi. These bone cells have for 
their function the building of walls about themselves of 
phosphate and carbonate of Hme. The walls of one touch- 
ing those of its neighbor, and becoming fused with it, and 
they with the next, build up the whole mass of solid bone. 
This is their special form of activity. 

If we place a bone in some dilute acid — vinegar, muriaUc 
acid, or sulphuric acid — it will dissolve the lime salts out of 
the walls and we shall have left the cartilage, the perios- 
teum, the connective tissue of the blood vessels, the two 
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kinds of marrow, and all the millions of bone cells. If we 
should burn the bone, all these things would be burned away, 
and we should have the brittle skeletons of the bone cells 
lightly held together. 

Growth of Bone. — The different parts of the bone grow 
by the multiplication of its particular cells, as has been said 
of all the tissues. The blood supplies the nutrition, and 
the bone cells build up the hard parts, the cartilage cells the 
elastic parts, and the connective cells weave the fibers of the 
periosteum and ligaments. 

Repair of Bone. — If a bone is broken, cells at the broken 
surfaces will begin to form new cell surfaces, each kind of 
tissue cells bridging over the space between the ruptured 
parts. This repair will take place even if the surfaces are not 
placed in their proper positions. In such a case, however, the 
part will be distorted. It is very important to have the bone 
set and fixed in position by a competent physician, and the 
sufferer should aid by keeping the parts quiet long enough to 
allow these processes of growth and repair to finish the work. 

The bone, rigid as it is, can, during its growth, be modified 
in its shape by pressure slowly applied. Consequently, it 
may be considerably distorted from its natural shape. Im- 
proper positions in standing and sitting, or pressure from 
clothing, if long continued, result in permanent distortion of 
the bones affected. 

Chemical Composition of Bone. — The following table 
gives the composition of bone, according to the chemist 
Berzelius : 



Gelatin and blood vessels. 


. • • • 


. 33.30 


Phosphate of lime, . • 


• • • 


. 51.04 


Carbonate of lime. 


. ^ % . 


. 11.30 


Fluoride of lime, . 


• » • 


2.00 


Phosphate of magnesium, 


• > • » 


. 1.16 


Soda and sodium chloride* 


f " • • 


1.20 
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Gelatin is the substance into which connective tissue is 
changed by boiling. From this table it is seen that about 
one third of the bone, without the marrow, is composed of 
connective tissue. 

Articulations. — The place where the surfaces of the ex- 
tremities of two bones come together is called an articw 
lation. 

Immovable Articulations. — In some cases, as in the 
bones of the skull, the bones are immovably joined, allowing 
no motion. In these the tissue between them is very thin, 
and projections from each bone Interlock with those from 
the other. Such an articulation is called a suture (see Fig, 
14). In the case of the vertebrie, except the axis and the 
atlas, as has been shown, the surfaces of the bodies do not 
move on one another, but the 
tissue between them is so thick 
and elastic that a slight motion 
to and fro from the direction of 
their axis is possible. 

Movable Articulations. — 
In a large number of cases the 
bones are joined in such a way 
as to allow free motion on the 
surfaces of each other. In such 
a joint (Fig. 20) the surface of 
the hard part of each bone is 
covered with a layer of carti- 
lage, and this is covered with a 
membrane called the synovial. 
membrane. The synovial mem- 
brane runs off from each sur- 
face and extends until it joins '*' 
together to make a closed sac. *^"" ^°"^' 
The inner surface of the membrane secretes a liquid called 
the syntniial liquid, which the sac retains in the joint. 
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This liquid, which is much like the white of an egg in 

appearance, reduces the friction of the sur- 
' faces, already made as smooth as possible by 
the cartilage and synovial membrane. The 
cartilage, being firm and elastic, lessens the 
effect of jars, and prevents wearing away of 

I the bone. 

Ligaments. — The bones arc held in place 
by very strong bands or cords of white fibrous 
connective tissue, called ligaments. Most of 
these ligaments pass from one bone over the 
joint to the other bone (Fig. zi), although in 
certain cases, as in the hip joint (Fig. 22), a 
ligament also passes from the head of one 
bone directly across to the surface of the 
other bone. The fibers of the ligaments run 
into the fibers of the periosteum of the bone, 
and are 
so inter- 
Fia. 21. 
" woven 

Ku»wjo,HT. „iththem 

as almost to constitute 
one piece. This makes, 
consequently, a very 
strong attachment. 

The ligaments are nu- 
merous, crossing from 

bone to bone in various 1 

directions, so as almost 
completely to envelop 
the joint. In certain 
cases one of the liga- 
ments makes a sheet enveloping the whole joint, as in the hip 
joint or shoulder joint, in which case it is called a capsular 
ligament (Fig. 33). 
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Classification of Joints. — The movable joints are classi- 
fied according to the kind of motion they permiL The idi^e 
joint is one which allows motion in one plane, as do th« 
hinges of a door. The joint be- 
tween the ulna and humerus, and 
the one between the tibia and the 
femur, are examples. 

The ball and socket joint (Fig, 
22) is one in which the extremity 
of one bone is more or less spheri- 
cal, fitting into a cup-shaped cav- 
ity in the other bone. This kind 
of a joint allows motion in any 
direction. Examples of this kind 
are found in the hip joint and the 
shoulder joint, and less perfect 
ones in the joints between the fin- 
gers and the metacarpal bones. ^'S- 2^* 

The pivot joint is one that al- Shoulobr Joibt, 

lows motion around an axis, as 

in the atlas around the odontoid process of the axis, in turn- 
ing the head from side to side, and in the proximal end of 
the radius around a point on the end of the humerus, made 
use of in turning the hand over. 

Rigid Joints. — Such joints as occur between the surfaces 
of the carpals and the tarsals allow very little motion. 

Some joints are either modifications or combinations of 
these different forms of joints. 

Dislocation. — A sudden force brought to bear on a joint 
may tend to throw the surface of one bone off from the other. 
If this is accomplished, the bone is said to be " thrown out of 
place," or dislocated. If immediately returned to its place, 
the harm done may pass away. It is obvious that to accom- 
plish this a surgeon who understands the structure of each 
joint should be employed. 



52 STRUCTURE OF BONE.—ARTICULATIONS. 

Sprains. — When a sudden force brought to bear on a joint 
is not sufficient to dislocate the bone, still the ligaments may 
be greatly strained or even torn from the bone. This consti- 
tutes a sprain, sometinies very painful and slow in healing 
from the fact that ligaments are very slow of growth. It is a 
mistake to suppose that a sprained joint should be used a 
great deal to promote its recovery. If the sprain is a severe 
one, a surgeon should be consulted, as only a competent per- 
son can in such matters decide the exact injury and its treat- 
ment. 

Directions for Practical Work. 

In the study of the structure of bone it must be remembered that only 
in a fresh bone can all the parts be seen as they are in the body. 

Such a one should be examined. Make out its periosteum, its cartilage, 
its capping, the manner of the attachments of the ligaments. The ten- 
dons may have been examined in the study of the muscles. Compare with 
the figures in the text. 

Saw through a bone lengthwise, and note the arrangement of the hard, 
osseous substances, and of the red marrow and the yellow marrow. 

Examine the distribution of the blood vessels in the periosteum and 
their continuation into the bone. 

The same material will furnish a joint or more. By cutting through the 
outer covering a few drops of synovial fluid can be observed. 

Note the perfect smoothness of the surfaces and their close fitting to- 
gether. Work the joint in every way to see its whole capability. Com* 
pare with the figures of joints in the text. 

With the compound microscope, the structure of the cartilage, as given 
in the former section, can easily be shown. (See Fig. 4 B.) 

A section of dry bone, to show its microscopic structure, may be made by 
sawing out as thin a piece as possible with a fine saw, and afterward grind- 
ing this down, first on a grindstone or a file, and lastly on a fine razor 
hone. It should be very thin — thinner than this paper. It can then be 
mounted dry and examined with the microscope. (See Fig. 19, A and B.) 

If a long bone, say the "drumstick" of a chicken, be placed in a 
dilute solution of some acid for a few days, the lime salts are dissolved 
and the other parts remain, leaving the bone as flexible as a ligament. If 
its mate be held on a fire shovel in the fire a sufificient length of time, all 
but the lime salts will be consumed, and the brittle skeleton will remain. 
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'Review Questions. 

1. Describe a bone. 

2. What tissues compose a fresh bone ? 

3. What is the main use of the majority of bones t 

4. What is periosteum, ligament, tendon ? 

5. How is the bone made rigid ? 

6. What are the two kinds of marrow, and what is the use 
of each ? 

7. What is the minute structure of the calcareous portion 
of the bone ? 

8. What are the bone cells, and what is their use ? 

9. How does a bone grow ? 

10. What is the process of repair when broken ? 

11. Why should a broken bone be held in position and 
kept at perfect rest after being set ? 

12. What is the effect of continuous pressure on the 
growth of a bone ? 

13. What is an articulation ? 

14. Give examples of immovable articulations. 

15. What are the peculiarities of a suture ? 

16. Describe the articulations between vertebrae. 

17. What advantages arise from the arrangement between 
vertebrae ? 

18. Describe in detail the structure of a movable joint. 

19. In such a joint, what is the function of the cartilage ? 
ligaments ? synovial fluid ? 

20. Describe the ligaments and the method of their attach- 
ment. 

21. How are joints classified ? 

22. Describe a hinge joint, and give three examples. 

23. Describe a ball and socket joint, and give two ex- 
amples. 

24. Where in the body is a pivot joint ? Describe it. 

25. What are rigid joints ? Give examples. 
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26. What is a dislocation ? 

27. What occurs in a sprain ? 

28. What of the growth of a ligament ? 

29. What kind of joints are those of the fingers ? The one 
at the point where the lower jaw is attached ? At the point 
where the ankle is articulated with the tibia ? 



CHAPTER V, 

THE MUSCULAR SYSTEM. 

The Source of the Force Producing Movement in 
the Body. — As we have seen in the former section, the 
contractile power of the muscle is the source of the force by 
which the movements of the body are accomplished. Con- 
tractile substance in the muscles is to the machinery of the 
body what steam is to a steam-engine. The steam by its 
power of expansion pushes with great force. The machinist 
arranges the engine so that this pushing force can act against 
a piston in such a way as to drive it first forward and then 
backward, and thus work a system of levers, wheels, and other 
forms of machinery. If he had a substance which would exert 
strong pulls instead of pushes, he could work his engine as 
well. The muscles in the body have the power, under stim- 
ulus of the nerves, to contract and make these pulls, which, 
applied for the most part to the bones as levers, accomplish 
the movements of the body. 

The Number and Distribution of the Muscles. — 
The muscles are about five hundred in number. The greater 
number are distributed over the skeleton in such a way as 
to produce by the various combinations of movements of 
which they are capable many times that number of motions. 
(See Figs. 24 and 25.) The remainder are principally placed 
in the walls of the heart and of the digestive passages. 

Classification of Muscles. — The muscles are sometimes 
divided into voluntary and involuntary muscles. The volun- 
tary are mainly those that are attached to the bones, and for 
that reason also called skeletal muscles. They are spoken of as 

(57) 
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voluntary, because they may be called into action by an effort 
of the will; still, they may also be made to contract in a wholly 
involuntary way. The i«z'c/K«i'<ir>' muscles are the muscles of 
the heart, blood vessels, oesophagus, stomach, and the intes- 
lines, and those of the middle ear and of the iris. 

General Description of a Muscle.— ^As the proper- 
ties of the muscles of the two classes differ so little, we will 
select a voluntary muscle for our study. The appearance ot 
muscles, the manner of their attachment to the bones, and 
the method by which they produce a motion are best un- 
derstood by an examination of a muscle in the leg of some 
small animal seen while still fresh. The leg of a chicken, 
frog, or toad answers admirably for this purpose. (See notes 
at the end of the chapter.) 

The figure (26) of the biceps ol the human arm with its 
bone gives us its form 
and relation to the bone. 
In this case the mus- 
cle is a thick, spindle- 
shaped, reddish mass, 
tapering at the shoulder 
end into a forked ex- 
tremity, each part end- 
I ing in a strong cord 

of connective tissue at- 
tached to the scapula. 
'%- ^*- At the other end it 

BiCEK Muscle attach.d to thb Radius. taperS also tO a thick, 

strong white cord of inelastic connective tissue attached to 
the radius. These cords at tht extremities are called tendons. 
Structure of a Muscle. — A closer examination would 
show that the muscle is somewhat complex in structure. Its 
outer surface consists of a tough sheath of connective tissue 
called the perimysium. From this sheath partitions arise 
which inclose smaller groups of muscular fibers and sup- 
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Fig. 27. 



port the blood vessels and nerves, which come into the mus- 
cle in large numbers. Many fat cells are lodged among the 
other parts. 

Huscle Cells. — The part of the muscle that is contrac- 
tile — that is, that makes it a 
source of the force that can be 
exerted in producing motion — is 

composed of muscle cells. These _ 

are among the largest cells of the B. H. 

body, being much longer than broad, and are called muscle 
fibers, or, sometimes, fiber cells. 
These differ in the voluntary and in 
the involuntary muscles. Each vol- 
untary muscle fiber or muscle cell 
(Fig. ,7) is 
composed of a 
long sack, the 
ce 1 1- wall, 
which is filled 
Bhdimg of a nbbve with muscle 
FiBBK WIT. protoplasm, 

the contractile substance of the mus- 
cle cell. The cells show on their sur- 
faces very fine lines, and hence they 
are called striated muscle fibers. A 
very minute nerve fiber may end in a 
peculiar way in this muscle substance. 
In some cases the nerve fiber ends in 
a mass of protoplasm directly con- 
nected with that of the muscle sub- 
stance, as seen in Fig. z8. 

The shapes of the cells differ 
somewhat in involuntary muscles 
(Fig. 29}, in all of which, except in the heart, the fibers are 
long, spindle-shaped cells, with a nucleus in the center. 
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They show no striations, and hence are called often utislri- 

died or smooth fibers. 

The heart muscle fibers are branched in such a way as to 
form a network. They are striated, but not 
so plainly as are voluntary muscle fibers 
(Fig- 3°)- 

Cause of Contraction — When a nerv- 
ous impulse comes along the nerve fiber and 
arrives at the protoplasm of the muscle cell, 
it is said to stimulate it, for it causes it to 
draw up to a shape which is shorter and 
thicker. Now, these microscopic muscle 
cells are gathered into bundles just large 
Fig. 30. enough to be seen by the naked eye, and 

Ptaura FKOM Hkabt bound together bv Connective tissue; these 

MUSCLBS. . . 

m turn into larger ones, and so on, until we 
have the whole muscle as one large bundle of these smaller 
groups of bundles. The connective tissue on the outside, 
making the sheath spoken of, runs off at the ends to form 
the tendons, which fasten the muscles to the bones. 

Thus we may consider the whole muscle as made up of a 
large community of muscle fibers, or cells, bound together in 
such a way that if they should shorten and thicken about the 
same time we would have them all pulling together on one big 
rope, the tendon, which is tied to the bone. Therefore, applied 
to the hone would be the united sum of millions of individual 
pulls, which amounts in some muscles to a very strong pull. 

Now, the stimulus which comes down the nerve, which 
distributes its fibers to these muscle fibers, arrives at all the 
muscle cells at nearly the same time. Thus, a muscle con- 
tains myriads of little individual workers which stand ready, 
day and night, to give a united pull on the bone at any 
moment the brain or spinal cord may send the impulses, 
They will contract with just the degree of strength indicated 
by the strength of the stimulus. 
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Of course, the workers must have food and oxygen, and 
this is brought to them by the blood in copious supply, con- 
veyed by the blood vessels which enter the muscle, and, by 
division into smaller and smaller vessels, at last reach each 
muscle fiber. The more the cells work the greater must be 
the supply. This subject of the blood supply to the muscles 
will be considered again in the chapter on circulation. 

Rigor Mortis. — Soon after death the substance of the 
muscle cell, the protoplasm, becomes rigid. This occasions 
what is known as death stiffening, or rigor mortis. 

"What Occurs in a Contracting Muscle. — By proper 
care the muscles of frogs and turtles may be kept alive for 
some time after removal from the animal just killed. Physi- 
ologists have made use of apparatus by which a muscle of a 
frog can be thus kept and experimented with under careful 
observation. 

From these experiments it is known : Firsts that a muscle 
will contract and lift a weight when other stimuli are applied 
to it besides the natural stimulus of the nerve; namely, when 
stroked or pinched, mechanical stimulus; when touched with 
a hot wire, heat stimulus; when many chemicals are applied, 
chemical stimulus; and when electricity is applied, electrical 
stimulus. Second^ that when a muscle contracts heat is 
produced in it. Third, that carbon dioxide is produced. 
Fourth, that other chemical products of an acid nature are 
produced. Fifth, that oxygen stored up in the muscle is 
used up. Sixth, that certain oxidizable substances in the 
muscle substance are also used up. 

The Muscle as an Engine. — Now, when such a ma- 
chine as a steam-engine is made to raise a weight, it does so 
by using up oxygen, and an oxidizable substance — coal, gas, 
wood, or oil. In this process it produces carbon dioxide with 
the giving out of heat. In these points, at least, the muscle- 
engine and steam-engine are alike. The muscle-engine re- 
ceives its supply of oxygen and oxidizable substances from 
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the blood, the blood getting its oxygen at the lungs, and its 
oxidizable substances from the digested food which finds its 
way to the blood vessels, as shown in a subsequent chapter. 

"Waste Products. — The carbon dioxide and other sub- 
stances which result from this activity (contraction) of the 
muscle are generally spoken of as waste products. Of these, 
carbon dioxide is by far the greatest in amount. These are 
removed by the blood as it irrigates the muscle cells, and are 
finally eliminated from the body, principally at the lungs and 
at the kidneys. 

Exhaustion, or Fatigue of a Muscle. — From these ex- 
periments on the muscle outside of the living bodies of animals, 
it IS found that if a muscle is made to contract repeatedly 
while lifting a weight it will soon refuse to act, but will again 
do so if allowed to rest a few seconds. The muscle is said 
to be ^^ fatigued^* and this is thought to be due in part to 
the effect of the accumulation of the substances produced 
by contraction, and that rest allows these substances to be 
removed. 

When . one holds out a weight at arm's length for a few 
minutes the muscles of the arm will refuse longer to act, 
from the same causes. Thus with all muscles; they must 
have their periods of rest to allow the removal of these wastes, 
and be made ready for new work. Even the heart, which 
contracts about seventy-two times a minute, remains con- 
tracted so short a time that its periods of rest exceed its 
periods of action. 

Relation of Muscles to Bones. — Almost all the volun- 
tary muscles are attached to the bones in such a way as to 
use them as levers. 

A lever is a rigid rod used to lift a weight. One point rests 
on a fixed support around which it moves, the fulcrum. To 
another the weight to be lifted is applied ; the third point is 
where the force is applied to lift the weight. 

In mechanics, three kinds of levers are recognized, repre- 
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sented in the diagrams (Fig. 31). F is the fixed point of sup- 
port, the fulcrum; ^the point where the weight maybe con- 
sidered as resting; and F the point where the force is exerted 
to lift the weight. In Fig. 26, the biceps muscle acts on the 
radius and the ulna tied together as one bar, supported at 
the elbow ; the weight may be considered to be in the hand. 
This lever is evidently of the third class. In this case ii 
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Pig. 31. 

Foot as Lbvbrs. 

takes a force equal to about six pounds at the muscle point to 
raise one pound in the hand. 

Let the pupil furnish several examples of different levers 
outside of the body, and then determine in each case what 
sort of lever each bone is where it is used as a lever. In 
Fig. 31 the foot is shown as used as each one of the three 
classes of levers, the first in tapping the toe on the floor; in 
the second in rising on the toes; in the third in lifting a 
weight with the toes. 

Movements in General. — If one will examine his own 
body in the positions of standing, sitting, walking, running, 
and jumping, he may learn much concerning the way the 
muscles perform these acts. 

Standing is accomplished by the action of many muscles in 
the neck, trunk, and legs. Those on opposite sides pull on 
the whole in such a way as to make the body a more or less 
tigid mass, and keep it balanced by compensating pulls over 
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a small base. Standing really requires considerable exercise 
of many muscles. 

In sittings only the head and trunk are kept rigid, the mus- 
cles of the lower limbs being relaxed. 

In walkings we have a falling movement with the body sup- 
ported on one leg while it is pushed along by the extension 
of the other, these conditions alternating between the two 
limbs. In slow walking, the leg that is off the ground swings 
to its position by its own weight, and thus the body is moved 
forward with very little exertion. The exertion is increased 
with the rapidity of the progress. 

In runnings one leg is quickly flexed, lifted up, and then 
extended to catch the body as it is thrown forward by a sort 
of jump produced by a quick extension of the other leg still 
on the ground. There is a time when both feet are off the 
ground at once. 

In recent years much study has been given to the manner 
by which the different kinds of motion are accomplished by 
lower animals, as in the flying of birds, insects, and flying 
squirrels; in the swimming of fishes, crawling of worms and 
snakes; the running, jumping, and walking of horses and 
others of the lower animals. The reader will find the attempt 
to learn by observation how these motions are produced in 
these different animals a very interesting study and an excel- 
lent means of drill in seeing and thinking. 

Tendons. — The tendons by which the muscles are at- 
tached to the bones are, both by their mode of attachment 
and their arrangement, very interesting. ■ As has been seen, 
a tendon is composed of inelastic white fibrous connective 
tissue. The fibers are closely packed together and make 
very strong cords. One no thicker than a lead-pencil is 
strong enough to support twice the weight of the body. 
The fibers are continuous with the fibers of the muscle 
fiheath at one end, and are intimately interwoven with the 
fibrous periosteum on the bone at the other. Indeed, we may 
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say that the connective tissue of the muscle, of the tendon, 
and of the periosteum is woven into one piece. One can 
understand this better if he will examine an example from 
the limb of some slaughtered animal in the butcher shop, 
or in the leg of a cat, dog, frog, rat, or any small animal 

By the use of the tendons the muscle can 
often be placed at a distance from the point 
where its force is to be applied. For ex- 
ample, some of the muscles which move the 
fingers are placed in the fore-arm well toward 
the elbow, thus allowing the fingers and hand 
to have freer and less clumsy motions than 
would be possible if the muscles were placed 
in the hand itself. 

The hand is a wonderfully complex piece 
of mechanism. No figure or model can give 
an adequate conception of the beauty of 
its mechanism. Fig. 32 shows the tendon 
which is attached to the heel, the largest 
one in the body. The dissection of the 
foot and leg of some small animal, even of 
a chicken or a frog, will wel! repay the 
trouble it takes to prepare it. 

Exercise — While the whole of the ex- 
planation of how use and exercise of the 
muscles will both cause them to increase in 
size and keep them in a healthy condition 
' is not definitely known, yet the fact that it 
does so is well known even to those who «. ^^ 

have not studied physiology. We learned temdon op Achii^ 
in a former section that at the moment the lbsandMusclh 
muscle begins to work great changes are " ^"^ 
taking place in its cells. Accompanying this activity, by 
a compensating action of the nervous system, the blood 
vessels going to the active muscle are relaxed and 8 
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larger amount of blood is allowed to flow through the 
muscle. 

The repetition of these conditions inside of certain limits 
leaves the muscles in a healthy condition. When the mus- 
cles are active the nervous system is equally active, with the 
same results of increased flow of blood and better condition. 
When such large portions of the body as represented by the 
muscles and the nervous system are not in a healthy condi- 
tion, the effect is a serious one. 

We have received our bodies as an hereditary gift from an 
ancestry which dates back at least to a time when the human 
race lived an active life in the open air. The human body 
is adapted to such a set .of conditions, and suffers in any 
other conditions. As we can not change these adaptations, 
we must supply at least so much of the former conditions as 
may be furnished by good air and considerable activity. 

Excessive Exercise. — We have seen from the experi- 
ments mentioned in a preceding section how quickly the 
muscle may be affected by excessive use, and how rest will 
restore it. Our experience and observations confirm the les- 
son there taught. Excessive exercise may result disastrously 
to the muscles. It must also be remembered that great de- 
velopment of the muscular system does not always indicate 
perfect health, but it may be, and often is, accompanied by 
lack of healthy action in other parts of the body. 

Forms of Exercise. — The question is often asked, What 
is the best form of exercise ? There are so many good forms 
of exercise that every boy or girl takes to readily, if only op- 
portunity is given, that a discussion of the particular forms is 
not necessary. 

They are found in the out-door occupations of the farm 
and house, in the school games, athletic sports, walking, 
running, riding, boating, bicycling, and tramping through 
the woods and fields. One could not go amiss among them. 
The points essential in any case are : i. That the exercise be 
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taken in good air — out-door air is the best of all. 2. That it 
be active. 3. That it bring into activity many muscles of 
the body. 

If any one is so unfortunate as to have no daily employ- 
ment or no out-door space at his disposal, nor any one with 
whom to engage in out-door sports, or has no taste for ram- 
bles through field and wood, he should nevertheless by all 
means arrange for daily exercise which can be taken in- 
doors. This has been made possible and pleasant by means 
of the various apparatus invented for the purpose, manuals 
for the use of which may easily be procured. 



Directions for Practical Work. 

A similar preparation to the one made to show the various tissues (the 
leg of a chicken, Chap. II.) could be used with great advantage in the 
more detailed examination of the muscles. 

In such a preparation be sure to have the muscles well separated from 
one another. Examine carefully in some one muscle the muscular sub- 
stance, the muscular sheath, the tendons, and their attachment to the 
bones. 

Note carefully the way in which the tendons shade off into the peri- 
osteum in one direction and into the perimysium in the other. 

Note how the muscles which move the foot and toes are at a consider- 
able distance from the foot. 

Make out the connective-tissue bands, which, acting as pulleys, hold 
the tendons down at the joints. 

Trace out the branches of a nerve into a muscle. 

For a more extensive study of the forms and distribution of the mus- 
cles, a rabbit answers well. 

The body of the animal should be stretched out on a board and tied 
firmly to it by its feet. This keeps the animal steady during its dissection. 
An incision is made in the skin along the middle line of the chest and 
abdomen, and the two sides carefully laid back to expose the muscles 
underneath. From this incision others are extended down each limb as it 
is studied. 

On removing the skin the superficial layers of muscles are exposed. 
These will appear as a confused mass, but will be more clear if the 
attempt is patiently made to separate, one at a time, the larger ones of 
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these muscles, and to trace out their connections. Do not remove, bu 
simply separate them. As the object is merely to gain a correct notion 
of the appearance of the different muscles and their manner of attacli 
ment and distribution, their names may be neglected. 

In this manner, examine at least those of the thorax, the abdomen, the 
neck, and one of the limbs« 

Compare the exposed muscles of this animal with those of the figure of 
the superficial muscles of man. 

One or two students might make the preparation for the whole class. 

If the viscera are carefully and cleanly removed, the body of the ani- 
mal can be kept, if cool, a considerable time without being unpleasant. 

Of course, any small animal will answer instead of a rabbit. 

If the muscles of a frog or turtle be examined soon after the death of 
the anin^al, the muscles can be made to contract by applying the stimuli 
described in the text. 

In a craw-fish or some insect examine how the muscles are arranged to 
produce their motions. 

With a good microscope the fibers of the muscles can be shown by 
picking apart with needles in a few drops of water a very small piece. A 
cover glass must be placed over it and pressed down carefully. 

It will take other methods, which can not be given here, to demonstrate 
all the structure of the muscle cell, but this simple method will show well 
the shape of the fibers and their structure. The muscle fibers of a frog 
are more easily teased apart than those of the higher animals. 



Review Questions. 

1. What is the force which produces the motions of the 
body ? 

2. To what may muscle substance be compared ? 

3. How many muscles are there, and how are they dis- 
tributed ? 

4. What are voluntary muscles ? Give examples. 

5. What are involuntary muscles ? Give examples^ 

6. Describe a muscle. 

7. How is it attached ? 

8. What is the minute structure of a muscle ? 

9. What is the element of a muscle ? 
10. Describe a muscle cell. 
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11. What is its relation to the whole muscle ? 

12. How are the muscle cells supplied with food and oxy- 
gen ? 

13. How are muscles made to contract ? 

14. What is rigor mortis ? 

15. Name the six things mentioned as occurring in a con* 
tracting muscle. 

16. How is a steam-engine enabled to raise a weight ? 

17. In what are the muscle and the steam-engine alike ? 

18. What are the waste products ? 

19. What is the principal one in the muscle ? In the 
steam-engine ? 

20. What is meant by " fatigue of the muscle " ? 

21. How is it produced in the frog's muscle ? 

22. Give other examples of it. 

23. What is the cause of fatigue ? 

24. Define a lever. 

25. Draw diagrams showing the different classes of levers. 

26. Give examples of each as used outside of the body. 

27. Select any five bones in the body which are used as 
levers, and show how each one is used. 

28. Show how the foot may be used as either one of the 
three classes of levers. 

29. Describe the action of the muscles and bones in stand- 
ing. 

30. Describe their action in walking; in running. 

31. What are tendons, and what of their composition? 

32. What is the use of tendons ? 

33. What is said of the necessity of exercise ? 

34. To what conditions has the body been adapted ? 

35. What of excessive exercise ? 

36. What are considered to be the essential points in tak- 
ing exercise ? 



CHAPTER VI. 

STRUCTURE AND PROPERTIES OF THE BLOOD. 

The Necessity of the Blood. — The cells in the tissues di 
the muscles, brain, glands, or whatever other organ, can only 
do their particular work when well supplied with oxygen and 
oxidizable substances obtained from food. They are like the 
single-celled animals in this particular. But these little or- 
ganisms have an advantage in being immersed in a liquid 
which may be freely exposed to the air, and, being very small 
and with thin walls, both those necessary elements may pass 
immediately to their substance. Thus they do not require 
any apparatus for conveying food and oxygen to them. 

But in the larger animals, composed of millions of cells 
stowed away in many groups, most of which are buried deep 
out of reach of external air or food, there arises the necessity 
of some means of carrying their food and ox)'gen to these 
various workers at their different places of work. 

This is accomplished by the possession of an internal liquid 
containing these elements which is conveyed to all the tissues 
in different ways in different animals. This liquid is the blood. 

In some animals very low in the scale this liquid is little 
more than digested food which lies in loose spaces .among the 
tissues and depends on the general motions of the body to 
move it about. 

But in the higher animals and in man there are two liquids, 
blood and lytnph^ both very complex, which are moved about 
in a very complex system of tubes — blood vessels and lym- 
phatics — by means of a quickly working force-pump, the 
hearty the whole called the circulatory system, 
(70) 
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Comparative Study of the Systems of Circulation. — 

It is very interesting and instructive to study an ascending 
series of animals and see how in them this system becomes 
more and more complex and definite, passing from a num- 
ber of irregular spaces through all stages of imperfection, 
until the system represented in man is reached. This de- 
velopment is to adapt these animals* to a more and more 
active life and to an increasing size of the body. To seek out 
these adaptations and observe the development of the mech- 
anisms in animals and plants is one of the most fascinating of 
studies. We can only refer to such subjects here to call at- 
tention to their bearing on human anatomy and physiology. 

Human Blood. — The appearance of the blood to the 
naked eye is familiar enough. But as we now begin its more 
serious study, an examination of a fresh specimen would be 
profitable. This may be obtained (a small amount is suffi- 
cient) by killing a chicken or other small animal. 

Physical Properties of the Blood. — The blood is found 
to be a liquid, flowing very freely. In the living, healthy 
body it is a liquid at all times, but when withdrawn from the 
body it soon solidifies into a jelly-like mass. This process is 
called coagulation and is to be studied later. Its color varies 
from a bright to a dark red, which soon becomes a brighter 
red on exposure to the air. Placed in water it will sink, its 
specific gravity being about 1.055 — that is, it is .055 heavier 
than water. It is slightly alkaline, and possesses a faint odor, 
which in the lower animals varies somewhat with the species. 

While to most persons even the sight of blood is very 
repulsive, yet in reality the taste of the blood of some ani- 
mals would not be found to be unpleasant. For example, 
cow*s blood could not easily be distinguished from milk if 
not seen while tasted. In the body the blood is kept very 
nearly at 98° Fahr., winter and summer, and in all climates. 

The Blood as seen under a Microscope. — A good 
microscope, magnifying at least three hundred diameters, is 
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necessary to make out the structure of the blood. If a small 
drop is prepared properly and examined with such an instru- 
ment, it shows the blood to consist of a liquid which, in the 
small amount used, is transparent, and in which are floating 
immense numbers of small bodies of definite shape and of 
pretty constant size. These are the corpuscles. They are, 
like the elements of the tissues, cellss but unlike the cells in 
the tissues, wl^ich adhere together in masses, they float free 
in the liquid. 

A closer study shows that there are at least two kinds of 
corpuscles, which have been named red corpuscles and white 
corpuscles or leucocytes. But as the red corpuscles so greatly 
outnumber the white — about four hundred to one — the begin- 
ner with the microscope might easily overlook the white cor- 
puscles. 

The first time one views the red corpuscles under the mi- 
croscope he is surprised to find them not red, but of a faint 
yellowish-red color when seen singly. It is only when in very 
great numbers in a mass of blood that the multiplied small 
amounts of red reflected by each corpuscle give the bright 
red color. Just as a few small particles of ice are trans- 
parent, but immense numbers together, as in snow, are white. 
Form and Size of the Red Corpuscles. — The red 

corpuscles are thin disks whose sides 
are slightly concave (Fig. 33). In size 
they range from ^^^ to -^^-^ of an inch 
in diameter. Being so small and so 
closely crowded together, one drop may 
contain many millions. It has been es- 
timated that in the blood of a person of 
average size there are more than twenty- 

Rkd Corpuscles-Human, f^ye billionS of thcSC COrpUSClcS. But 

such figures convey no definite conception but that of very 
great numbers. 
Structure and Function of the Red Corpuscles. — 
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The red corpuscles are little masses consisting of a ground- 
work of protoplasm, saturated with a reddish coloring mat- 
ter. This coloring matter is hcemoglobin, and is a substance 
of the utmost importance, as it has the power of readily ex- 
tracting oxygen from the air, and after holding it awhile, of 
giving it up to liquids which have very little oxygen. By 
means, then, of this haemoglobin, it is the peculiar and im- 
portant function of the red corpuscles to take the oxygen 
from the air in the lungs and to carry it to the tissues and 
there to give it up. 

Origin of the Red Corpuscles. — The corpuscles are con- 
tinually wasting away through various causes. One source 
of the supply of these vast numbers is now generally believed 
to be the red marrow of the bones. There may be other 
places where they originate. 

The White Corpuscles. — The white corpuscles are not 
nearly so numerous as the red. They number about one 
white to four hundred red corpuscles. This ratio is not con- 
stant, but varies with different conditions. They are irregu- 
lar in shape and have the power to change their form (Fig. 
34). Their motions are exactly like those of the one-celled 
animals described on page 31, 
the amosba (Fig. 5). 

Structure, Function, and 
Origin of the "White Cor- 
puscles. — The white corpus- 
cles are composed of proto- 
plasm. They are single-celled, 
and each possesses a nucleus. 
Their function is not definitely 
known. One source of their 
origin is thought to be in the 
l)rmphatic glands, where they develop from the cells lining 
the walls of those glands. 

Other Bodies floating in the Blood. — Other forms of 





A. 



White Corpuscles; more highly mag- 
nified THAN the Red in Fig. 33. 

^,as seen floating in the plasma; By 
changing its form; C, after the addition 
of acetic acid, which makes it transparent 
and shows its nucleus, the ring in the 
center. 
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corpuscles and other little bodies have been described as 
belonging to the blood, but great differences of opinion are 
held in regard to them, and whether all of them belong to 
healthy blood or not is uncertain. 

In certain diseases, such as splenic fever, and it may be 
some others, it is known that immense numbers of a few forms 
of the very low organisms known as bacteria may be found 
in the blood. (See last chapter). 

Plasma. — The liquid part of the blood in which the cor- 
puscles float is tht plasma. It is very complex. Its constitu- 
ents are not exactly the same at all times. This follows from 
the fact that it is constantly receiving additions at various 
points in its course, and is losing from itself at many points. 
As it bathes all the tissues of the body, there is a constant in- 
terchange of food and waste between it and the tissue cells. 

Coagulation of the Blood. — In a former section the 
fact was noticed that freshly drawn blood would in a short 
time solidify into a mass of the appearance of jelly, called a 
clot. This is accomplished by the formation in the plasma 
of a substance called fibrin. The fibrin is composed of mul- 
titudes of very fine fibers, which spring up in all parts of the 
plasma, and run together and join in such a way as to catch 
the corpuscles in their net work, and make of the whole a 
tolerably firm body. 

Conditions of Coagulation. — The fibrin is not in the 
blood while it is in its natural vessels and while they and the 
blood are in a healthy condition, but is formed from certain 
substances which are always in healthy plasma, ready to 
make fibrin, and thus clot the blood at a moment's notice 
when certain conditions are brought about. From this fact, 
these substances are C2X\^A fibrin factors — that is, fibrin mak- 
ers. The conditions under which they form fibrin are any 
injury to the walls of the blood vessels, or contact of the 
blood with any other substance than the healthy wall of the 
blood vessel. 
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From the size of the clot, the fibrin seems to be a large 
part of the blood, but it is really a very small proportion, 
about two per cent, of the whole. 

Use of Coagulation. — The use of the power of forming 
a clot is very plain; it is to plug up any blood vessel which 
may chance to be opened, and thus stop the loss of this 
precious liquid, which, long continued, even from a small 
artery, would surely result in death. 

Here we have another wonderful adaptation of the body 
to its conditions. The blood carries in itself substances 
which will rapidly form plugs to prevent leaking through any 
opening which may accidentally occur in its system of tubes. 

Of course, if a very large vessel is opened, the strength 
of the current would carry out the blood so fast that death 
would ensue before this clot could be formed. In this case, 
the vessel must be tied or compressed a sufficient length of 
time for the formation of a clot of the size and strength suf- 
ficient to stop the flow. For this purpose a surgeon should 
be consulted. Until one can be called, if an artery is cut, 
a cord may be tied firmly around the limb above the cut — 
that is, on the side toward the heart. Just over the artery a 
knot should be introduced under the ligature, so as to bring 
all possible pressure to bear on the artery. If only a vein is 
severed, its flow is easily checked by a ligature on the side of 
the wound away from the heart. 

Serum. — If we remove the fibrin factors or the fibrin 
from the plasma, that which remains is serum. The serum 
is a watery liquid containing many substances in solution. 
Indeed, all the food substances for the tissue cells and all 
the wastes are dissolved in the serum. 

The principal ones of these substances are : Proteids, 
serum albumen, very much like the white of an ^%z\ a small 
amount of fats; small amounts of many other organic sub- 
stances not well known; a small amount of inorganic sub- 
stances, such as common salt, calcium carbonate, calcium 
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phosphate, and small traces of others. Besides these solids, 
considerable amounts of oxygen, carbon dioxide, and a small 
amount of nitrogen are found in the blood. 

The foUov^ing table will show at a glance the main con- 
stituents of the blood : 



Blood, 



Plasma, 



Corpuscles, 



Serum. 

Fibrin Factors. 
White. 



Red. 



Serum con- 
tains in 
i,ooo parts, 



Serum albumen and other proteids, . 
x^ aiS| •.....« 
Other not well-known organic substances, . 
^ Inorganic salts, 



1 



900 parts. 

85 '* 



15 



<( 



Lymph. — Lymph is the liquid which is found in a system 
of tubes which, like the blood vessels, are distributed all 
through the body, to be described later. The lymph, while 
not as conspicuous, is as much a circulatory medium as the 
blood. Its main supply is the overflow of the blood plasma 
at the capillaries, which its vessels take up and return to the 
system of blood vessels. 

From this origin of the lymph we might expect it to be of 
about the same composition as the blood, as indeed it is. It 
may be described as like the blood without its red corpuscles. 
It is a liquid like plasma, having great numbers of white 
corpuscles floating in it, but only occasionally any red ones. 
The white corpuscles in the lymph come mainly from the 
lymphatic glands, but also from the blood, by passing 
through the walls of the capillaries. Their peculiar power 
of motion allows them to make this passage. 

The lymph has, like the plasma, the power of coagulation. 
As will be seen in the study of the vessels, it, in most cases, 
comes between the blood and the tissues. That is, the blood 
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makes its exchanges not directly with the cells of the tissues, 
but with the lymph, and this lymph makes the exchanges with 
the tissue cells. 

Quantity of Blood. — The amount of the blood in the 
body has been estimated at about one thirteenth of the 
weight of the body. That is for the average person about 
ten to twelve pounds, or about one and one fourth gallons. 

Blood of the Lower Animals. — The blood of all the 
vertebrates contains red 
corpuscles, white corpus- 
cles, and plasma. In all 
the vertebrates, except Mk j 

the mammals, the red cor- ^Bft ^^-^ 
puscles have a nucleus as i^V^"^ \^J 
seen in the corpuscles of "fl* ■'* ' 
a frog (Fig. 3s). The 
form and size of the red 
corpuscles vary in the dif- ^' 

. ferent animals, butamong ''"° ^"^^''^f^Z.yT^I^T '"'"™'' " 

the greater number of the i^ the upper rieht-hand comer are two white 

higher animals they are «"P^i«- 

so nearly alike as to be distinguished only with great diffi- 
culty even by experts. And too much faith is not to be given 
to their testimony in regard to kinds of blood based alone 
upon the examination of the sizes and shapes of the corpuscles. 
Among the lower vertebrates the range of size is greater. 
In the common" mud-puppy " or " water-dog " of our streams, 
the corpuscles are large enough to be seen with a good hand 
lens. In invertebrates the red corpuscles are generally absent, 
only the white corpuscles and plasma constituting the blood. 

Directions for Practical Work. 
The process of coagulation may be studied in a cup of blood caught 
from a decapitated chicken. The blood should be allowed to stand per- 
fectly quiet a day or so. Note the tiine which it lakes the whole man 
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to form a clot. Examine closely the clot. Watch the subsequent 
changes; the clot shrinks and leaves around it a colorless liquid (colorless 
if undisturbed), which is the serum. 

By catching another supply, and immediately before it clots stirring 
it with a bundle of small sticks or wires, the fibrin can be gathered on the 
sticks, with the corpuscles left behind ini the serum. With the fibrin re- 
moved in this way the blood will not clot. This is defibrinated blood. 
By soaking the fibrin thus gathered in salt water over night the white 
fibers of the fibrin are plainly seen. 

With a Compound Microscope. — A drop of blood may be examined 
by diluting it with a little saliva and pressing it out very thin. Beginners 
are likely to make the mistake of using too much blood and of npt dilut- 
ing it sufficiently, and in consequence get such masses of corpuscles as 
not to be able to see them well. Another matter to be avoided in this 
examination is the drying up of the liquid. Run a little oil around the 
edge of the cover-glass to prevent this. 

Obtain blood from different animals for comparison of the red corpus- 
cles: a frog, a bird, a toad, a snake, or any of the common domestic 
animals. For very large corpuscles examine those of the mud-puppy. 
Examine a drop of blood from some insect and from a crawfish. 



Review Questions. 

1. What does every cell need in doing its work ? 

2. How do the one-celled animals obtain the supply of 
these substances ? 

3. How do cells buried deep in the tissues get the sup- 
ply? 

4. What is blood ? 

5. How does it reach the cells in the different kinds of 
animals ? 

6. What does the comparative study of animals in this 
respect show ? 

7. Describe the appearance of human blood as seen by 
the naked eye. 

8. Describe the appearance of blood as seen under the 
microscope. 

9. What are the corpuscles ? 
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10. Describe the red corpuscles, shape, size, etc. Illustrate. 

11. What is said of their number? Illustrate. 

12. Of what are the red corpuscles composed? 

13. What is their function ? 

14. What is the cause of the color of the blood ? 

15. What is the origin of the red corpuscles ? 

i6. How do the white corpuscles differ from the red ? 

17. What of their number ? 

18. Describe their motion. 

19. What is their origin ? 

20. What is said of their use ? 

21. What is said of other bodies floating in the blood ? 

22. What is plasma ? 

23. What is the cause of its changing composition ? 

24. What is coagulation of the blood ? 

25. Under what conditions is fibrin formed ? 

26. What are the fibrin factors ? 

27. Why do they not make a clot in the blood vessels at 
any time ? 

28. What amount of clotted blood is fibrin ? 

29. What is the use of coagulation ? Illustrate. 

30. How long does it take a clot to form ? 

31. What must be done if a large artery is cut? 

32. How is a small vein managed ? 

33. Describe the serum. 

34. Give its composition. 

35. Write out a table showing the constituents of the blood. 

36. Describe the lymph. 

37. Where does it come from ? 

38. How do the white corpuscles get into it ? 

39. What are its functions ? 

40. How much blood is there in the human body ? 

41. What is the appearance of the blood of other verte- 
brates ? 

42. What is said of the blood of invertebrates ? 



CHAPTER VII. 

ANATOMY OF THE CIRCULATORY SYSTEM. 

The Circulatory System — The blood is in a system of 
tubes which form a wonderfully complete net work all over 
the body. In this system of tubes is placed a double force- 
pump, which drives the blood with considerable force and 
rapidity completely around this system. This pump and the 
tubes are called the Circulatory System, 

The double pump is the heart; the vessels which carry 
the blood away from the heart are the arteries; those which 
gather up the blood and lead it back to the heart, the veins; 
and the minute vessels which carry the blood over from the 
last divisions of the arteries to the first divisions of the veins 
are the capillaries. 

The heart and the arteries can be compared to an engine 
and water-pipes of the water- works of a city, the different 
organs of the body to the houses receiving the water. In the 
city, however, the water when used from the extremities of 
the tubes is thrown away or allowed to run off by a system of 
drain-pipes, that run into a sewer which carries it away from 
the city. In the body the blood is carefully saved, and what 
is not used is conveyed back to the pump by either the veins 
or the lymphatic vessels — two systems of drains — and all 
this is sent out again and again. 

Structure of the Arteries. — To understand how the pe- 
culiarities of the flow of the blood are brought about, a knowl- 
edge of the structure and properties of the blood vessels is 
necessary. 

The arteries are tubes composed mainly of connective tis- 
(80) 
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sue, the elastic variety being greatest in amount. There are 
also in the middle part of their walls muscle cells of the smooth 
variety. The inner lining is a very delicate membrane, made 
up of a layer of cells. The muscular part-is greater in pro- 
portion than the other tissues in the smaller arteries. The 
arteries are very elastic tubes with muscular walls, which, 
especially in the smaller arteries, can contract and relax, and 
thus narrow and widen their openings. 

Structure of the Veins. — The veins have the same delicate 
inner lining as the arteries, but the remainder of their walls 
are thin and have but little elastic connective tissue in them, 
the inelastic predominating. They also have a small amount 
of muscular tissue; this is found principally in the walls of 
the large veins as they enter the heart, or in the very smallest 
veins. 

Many of the veins differ further from the arteries in having 
folds formed on their inner coats in the 
form of little pockets which will close 
against each other or against the op- 
posite side of the vessel in such a man- 
ner as to act as valves, to prevent the 
blood from flowing back from the heart ' 
(Fig. 36). ^'3 36. 

Structure of the Capillaries. — The diagram showing action 

, 1 . i_ ^ j.1. OF Valves in the Veins. 

minute vessels which connect the ex- 
tremities of the arteries and the veins — the capillaries — are 
very minute tubes, many of them no larger than is sufficient 
to give room for a single corpuscle to pass at a time. Their 
walls are very thin, being composed mostly of one layer of 
thin cells resting on an extremely delicate net work of con- 
nective-tissue fibers. They are easily ruptured, a small 
amount of pressure being sufficient. 

The capillaries form an intricate net work through which 
the blood flows slowly. Fig. 37 shows the relation of the 
capillary net work to the arteries and veins. The large, un- 
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Fig. 37. 



shaded vessel may represent the artery, and the shaded one 
the vein. The manner of the flow is best seen in the web of 
a frog's foot, which is thin enough 
to show under the microscope the 
wonderful sight of the actual 
movement of the blood in hun- 
dreds of vessels at once. This 
may also be seen in the fin of a 
small fish, or in the tail of a tad- 
pole, or in the gills of the larvae 
of salamanders. 

Relations of the Capillaries 

Rn^TioB OF CAP1LJJ.R1E3 TO Ar. fo tHc Tissuc Cells It is 

through the walls of the capil- 
laries that all the changes in the blood take place. The 
blood capillaries He in an intricate net work of lymphatic 
capillaries. In most tissues, 
the tissue-cell walls touch the 
thin walls of the lymphatics 
on one side ( Fig. 38 ), while 
the blood capillaries touch 
those walls on the other 
side. 

Method of Interchange 
between the Blood and 
the Tissues. — The ex- 
changes between the tissue 
cells and the liquid around 
them is accomplished by the process of osmosis. When solu- 
tions of many substances are separated from each other by a 
thin membrane, they tend to pass through the membrane 
until they are in equal amounts on the both sides of the 
membrane. Thus, if two liquids are separated by a thin 
membrane, any salt dissolved in one of the liquids will 
quickly pass through the membrane until that salt is equally 




Fig. 38. 
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distributed in both liquids. If sugar be placed in one liquid 
on one side, and common salt in the one on the opposite 
side, each will pass to the opposite side until both liquids 
are equally sweet and equally salt. If a current of water 
should wash one side of the membrane, it is evident that it 
would finally remove all the salt from the opposite side. 

In the tissue cell, if there has been activity, there will be 
more carbon dioxide and other wastes than in the lymph. 
Then these substances will pass to the lymph. The lymph 
will then contain more than the blood, and they will in 
consequence diffuse to the blood, and be carried away by 
its current. On the other hand, the tissue cells will have 
used up their oxygen, and having less oxygen and other 
substances consumed in their activity than has the lymphatic 
by their side, they will now diffuse from the lymph into the 
cell; then on account of the differences between the state of 
the lymph and blood, they will pass from the blood to the 
lymph through the thin intervening walls. 

By this means, the cells are always receiving what they 
most lack and giving off that for which they have no fur- 
ther use. This process is also made use of in taking oxygen 
at the lungs, and food along the alimentary canal, and pass- 
ing out the wastes at the lungs, skin, and kidneys. 

It may be repeated, then, that the function of the capil- 
laries is to furnish the blood an apparatus by which it may be 
brought near the tissues, and to furnish a thin membrane by 
means of which the principle of osmosis may be used to 
effect the transfer of oxygen and other foods to the cells, 
and carbon dioxide and other wastes, made by their action, 
out into the blood. Thus the tissue cells are enabled to live 
constantly in a medium rich in what they need, and to be 
constantly purified by the removal of those things which are 
injurious to them. Not having to seek food and air for 
themselves, they can devote their whole energy to their 
specific activitieSo 
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The Heart. — The heart is placed in the thorax, between 

the two lungs, well forward toward the front wall of the 

thorax, just above the diaphragm, and in about the middle 

line of the body. 

It is in the form of a cone, with its base turned toward the 

right shoulder. Its apex reaches a 

point a short distance to the left of 

the middle line of the body, opposite 

the space between the fifth and sixth 

ribs. It is often described as being 

I about the size of the closed fist of 

I the owner. 

The large vessels leading away 
. from the heart, as well as to it, come 
from the base. The heart is sus- 
pended from the ends of these ves- 
sels as its support. They, in turn, 
-J. ^g are held to the surrounding parts by 

connective tissue. 
EABT. Pericardium. —The outer surface 

ventricle; RA rigJit Buricie; of the heart IS covered by a thm 
pa', ^imon^^aneryf Sf^ membrane, which extends up over 
superior vena cava. parts of the great blood vcsscls, and 

turns down again to close in the heart by a sack. This is 
\hG pericardium. This leaves a space between the outer por- 
tion of the sack and the portion on the surface of the heart. 
In this space is a liquid called Hoe. pericardial fluid. 

The pericardium with its liquid is a contrivance for lessen- 
ing, as much as possible, the friction against the sides of the 
heart, caused by its strong, rapid motions. 

The Internal Structure of the Heart The heart has 

four compartments, or rooms, the two auricles and the two 
ventricles, called in each case the right and the left. Between 
the two auricles is a partition, the auricular septum; and be- 
tween the ventricles, the ventricular septum. 
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Valves. — Between the right auricle and the right ventricle 
is a valve consisting of three membranous flaps of inelastic 
connective tissue, the tricuspid valve. The outer margin of 
each flap is grown fast to the walls of the heart, while the 
inner margins are free, except as they are held by strings of 
connective tissue which extend to the walls of the ventricles. 

Between the left auricle and the left ventricle is a valve, 
the mitral, exactly similar in structure to the tricuspid valve, 
except that it consists of two flaps instead of three, and is 
heavier and stronger. 

Vessels opening into the Heart Three large veins 

open into the right auricle: the superior vena cava (descend- 
ing), the inferior vena cava (ascending), and the coronary 
vein (a vein from the heart itself). Into the left auricle four 
pulmonary veins 
enter, two from 
the right and two 
from the left 
lung. 

From the right 
ventricle the large 
pulmonary artery 

■ A € Fig. 40. 

arises, and from " 

the left ventricle "^^ *•"""" "' "^"^ *^"'' '^'^ °"^ ""•' *""" ""^ 

the large aorta 

takes its origin. The origin of each of these arteries is 

guarded by a valve, consisting of three pouches with the 

convex sides turned toward the ventricle. They catch the 

blood whenever it tends to flow back toward the ventricles. 

This presses their free margins tightly against each other, 

and the blood is prevented from flowing back into the 

ventricles. These flaps at the beginnings of the aorta 

and of the pulmonary arteries are called the semilunar valves 

(T-ig. 4°)- 

The Aorta and its Branches. — It is important to 
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know the location of the great arteries. The aorta, as 
has been mentioned, arises from the left ventricle. From 
this point it passes over as a large arch and descends in 
close proximity to the spinal column. It passes through 
the diaphragm into the abdominal cavity. Here it descends 
as far as the last vertebra, when it divides into two large 
branches, the right and the left c omm on iliac arteries. That 
portion within the thorax is called the thgracic aorta. 

The first branches of the aorta are two which leave the 
vessel just above the semilunar valves, the co ronaty arteries. 
They go to the walls of the heart itself. 

Near the top of the arch three large branches leave the 
aorta. The first is the innominate artery; the second, the 
left common carotid j and the third, the left subclavian. 

The innominate artery is very short and soon divides into 
two branches: the right common carotid and the right sub- 
clavian. 

Both these subclavian arteries pursue similar courses, each 
leading to an arm. In the neighborhood of the arm-pit it is 
called the axillary; in the arm, the brachial artery. In the 
fore-arm it divides into two main branches, the ulnar and the 
radial arteries, each lying along the bone of the same name. 
They unite in the palm of the hand, forming \h^ palmar arch. 

Each common carotid ascends its side of the neck, and near 
the head divides into two branches, the internal carotid^ sup- 
plying the brain, and the external carotid^ supplying, by its 
branches, the face and the parts outside the skull. 

The main branches of the abdominal aorta are: ihe phrenic^ 
going to the diaphragm; the coeliac axis, a short vessel, divid- 
ing into three branches— the hepatic^ to the liver; the gastric^ 
to the stomach, and the splenic, to the spleen; the superior 
mesenteric,^ large artery, the main supply to the intestines; 
and the right and left renal arteries, going to the kidneys; 
the inferior mesenteric, going to the intestines. The iliac 
arteries divide each into two, external and internal. The ex- 
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temal tvaodi, which is the larger, supplies the leg, and 
becomes the femoral by the side of the 
femur, the popliteal behind the knee, 
and below the knee, by dividing, it be- 
comes the tibial and peroneai arteries, 
and these 
unite in the 
foot by an 
arch similar 
to the palmar 
arch. 

Of course, 
all these arter- , 
ies give off 
very many 
branches 
along their 
courses. Most 
of those given 
above can be 
traced in Fig. 
41. Those 
going to the 
viscera are not 
well shown. 

Anasto- 
mosing of 
the Arter- 
ies.— Th e 

blanches of -- ,, 

Fig. 43. 

arteries often „ 

Thb Thobacic Duct. 

run mto each Th, ^i^j,^ ^^^ ^f ae three 
r,g.42. other. This '^^^il^T^'^^^T.t^^ 

tVHPHATics OF THB Ab«. is Called anas- ^""^ =""'" "' "■* ^s^"- 
temasing. By this means, if one should become closed, h 
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does not cut off the supply to parts below, for the blood may 
run around by some of the many side branches.. 

The Course of the Veins. — The large veins, for the 
most part, run by the side of the large arteries, and can be 
remembered with them. 

The Lymphatic Vessels. — The capillaries of the lym- 
phatics, as has been said in connection with the blood capilla- 
ries, are distributed among the cells of most tissues, and flow 
together, forming larger and larger vessels, which are very 
numerous through the trunk, limbs, and neck. Through- 
out the course of these vessels are many glands — ^the lym- 
phatic glands — which have been mentioned as the possible 
source of the white blQod corpuscles. All of these vessels 
finally empty their contents into the subclavian vein on either 
side of the body. The larger opening is on the left side, the 
vessel coming to the subclavian vein here being of consider- 
able size. It is the thoracic duct. The one on the right side 
is much smaller, and is called the right lymphatic duct. 

Lacteals. — That portion of the lymphatic system which 
arises in the intestines is called the lacteals. Their special 
function is to absorb digested food from the intestine. This 
function is discussed in the chapter on digestion. 



Directions for Practical Work. 

To Study the Heart. — For the examination of the heart, that of a 
calf, a sheep, or a pig is of the most convenient size, but any heart will 
answer the purpose. 

It is best, in ordering the heart from the butcher, to get both the heart 
and lungs together, often called the ** pluck." If directions are not explic- 
itly given to the contrary, the heart will generally be delivered cut open. 

Before dissecting the heart, inflate the lungs and note the relations of 
the heart to these organs. A hand bellows is convenient for inflating the 
lungs. 

Work carefully and slowly, and do not be In a hurry to cut into your 
specimen. Indeed, do as little cutting as possible. 

Note carefully the pericardium and its relations to the parts around it 
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A portion of the diaphragm will be likely to be attached. Open the peri- 
cardium and find the pericardial liquid. Also, make out that the peri- 
cardium is a double sac. 

Attempt to identify as many parts of the heart as you can before re- 
moving any thing — the two ventricles, the two auricles, the pulmonary 
artery, the aorta and its branches, the two venae cavse. It is best to fill 
the vena cava ascending with a roll of paper, to keep from losing it when 
found. Do not cut into the heart until these are definitely made out. 

Now remove the fat from among the vessels, to see more clearly (he 
relations of the great vessels to the heart. 

Trace the branches of the pulmonary artery into the lungs, and note 
along the side of them the pulmonary veins coming from the lungs, and 
trace them into the left auricle. 

Note the aorta, its arch, and the large vessels branching from the top 
of the arch. 

Examine the two venae cavae, and note how the muscular portion of the 
auricle .seems to be continued into their walls. Note the difference in 
the appearance of the large veins and the arteries. 

Make an incision acn)ss the right auricle so as to show an inner view 
of the cavity, where may be seen the large openings of the venae cavae, 
and the opening of a large vein-r-in the sheep the azygos vein — into which, 
a small distance back, the coronary vein opens. Examine the opening to 
the ventricle. By dashing water into it, the parts of the tricuspid valve 
may be raised and closed together. 

Note that the walls are composed of many columns of muscles. 

Make an incision in the wall of the right ventricle. Through it ex- 
amine the tricuspid valves from below. Find the method of attachment 
to the walls of the heart, and see the strings of connective tissue (chordae 
tendineae) running from their mai^ins to the lumps in the sides of the 
ventricle, which are the papillary muscles. Note other fleshy columns in 
the walls. 

Find the passage to the pulmonary artery ; lay it open, and find the 
semilunar valves and note their structure. 

Study the left side of the heari in just the same way as directed for the 
right, making out the structure for the inner surfaces of the left auricle, 
the openings of the pulmonary veins, the mitral valve, the chordae 
tendineae, the columnae cameae, the opening into the aorta, and the semi- 
lunar valve. 

.Study each part in the left with each corresponding part on the right. 

Compare the large arteries with the veins in regard to their elasticity, 
the thickness of their walls, and their size. 
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Study the Arteries. — All the arteries given tinder the topic, ** The 
Aorta and its Branches," can be traced out in a dog, cat, or rabbit. This 
will be made easier by filling the arteries with some colored substance. 
Still, the arteries may be traced without this injection. 

A good substance may be made of glue or gelatine by soaking a suffi- 
cient amount in cold water for several hours. Pour off the water that the 
glue has not absorbed. Melt the glue in a vessel placed in another con- 
taining water (water bath), strain it through a 'coarse cloth, add some 
coloring substance, and inject with a syringe into the aorta at its origin. 
This must be done while the glue is warm, the artery ligatured, and the 
injected body allowed to remain until the glue is cold. Many of the 
common coloring substances may be used with which to color the glue. 
A good one can be made by mixing solutions of sugar of lead and 
bichromate of potash. The yellow substance thus formed is allowed to 
settle at the bottom of the vessel, the upper liquid poured off, clean water 
added, and the process repeated several times to wash the substance 
thoroughly. It is then warmed and mixed with the warm glue mixture. 

If care is taken the finest arteries may be traced by this means. In 
tracing out the arteries the process ought to proceed slowly and with as 
little cutting as possible. 

If a little carbolic acid is added to the injecting mass the specimen may 
be kept sufficiently long to study it carefully. 

The viscera should, however, be soon removed. 

Let not the trouble of preparing an injected specimen be the means of 
preventing the study of the arteries. They can be made out quite well 
in an uninjected specimen. 



Review Questions. 

1. What constitutes the circulatory system ? 

2. What comparison is made ? 

3. In what points do th^; two differ, and in what are they 
alike ? 

4. Describe the structure of an artery. 

5. How does a small artery differ from a large one ? 

6. Describe the structure of the veins. 

7. Describe, with a diagram, the valves and their action 

8. Give the structure of the capillary blood vessels. 

9. What are their relations to the veins and arteries ? 
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10. What is the inter-relation of the blood capillaries, lymph 
capillaries, and tissue cells ? 

11. How do the tissue cells get their supply from the 
blood ? 

12. Explain the action of osmosis. Illustrate. 

13. Where else is it made use of in the body ? 

14. State the function of the blood capillaries. 

15. How is the principle of the division of labor shown 
here? 

16. Give the position of the heart. 

17. Describe it. 

18. Describe the pericardium. What is its use ? 

19. Describe the cavities of the heart. 

20. What is the tricuspid valve, and what is its structure 7 

21. Describe the mitral valve ? 

22. What veins enter the heart, and at what places? 

23. What are the semilunar valves ? 

24. What is their action ? 

25. Give the location of the main veins. 

26. Trace these on Fig. 41, as far as shown. 

27. Drgw a diagram representing their distribution. 

28. What is the anastomosing of the arteries ? 

29. What purpose is served by this arrangement ? 
30. ' What is the course of the veins ? 

31. What constitutes the lymphatic system ? 

32. Where does the lymph empty into the blood r 

33. What is the difference between the lacteals and the 
other lymphatics ? 



CHAPTER VIII. 

PHYSIOLOGY OF THE CIRCULATORY SYSTEM. 

Course of the Blood in Circulation. — The diagram 
(Fig. 44) represents a general outline view of the path the 
blood takes through the body. If we select the right auricle 
as the starting place^ we may say that the blood passes from 
it past the tricuspid valve into the right ventricle; from this 
it is forced past the semilunar valve into the pulmonary 
arteries, from which it goes to the capillaries of the lungs. 

From the lungs the pulmonary veins bring it to the left 
auricle; thence it is pushed through the mitral valve into the 
left ventricle; from this it is forced past the semilunar valve 
of the aorta into that vessel. 

By this vessel and its great branches above described, it 
passes to the capillaries in the tissues almost everywhere. 
From thence it is received by the smaller veins and by larger 
and larger ones until it is at last brought to the right auricle, 
thus having made the complete circuit of the body — passing 
the heart twice in the circuit. That part of the whole system 
which leaves the right ventricle and returns to the left auri- 
cle is called the pulmonary circulation. The remainder is 
known as the systemic circulation. 

The Portal Circulation. — A portion of the circulation 
is known as the portal circulation (shown in Fig. 44). The 
blood which comes to the spleen, the stomach, and the intes- 
tines, passes first through the capillaries of these organs, 
and then by their veins, into one — the portal vein — which 
goes immediately to the liver, where it again breaks up into 
capillaries in. that large organ. These unite into the hepatic 
(94) 
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vein, which empties into the inferior vena cava. Thus the 
blood which traverses the 
vessels of the portal cir- 
culation passes through 
two sets of capillaries 
before it returns to the 
heart. The liver, it may 
be remembered, also re- 
ceives blood by the hepa- 
tic artery. ' 

Blood Pressure. — 
Every one is familiar with 
the fact that if an artery 
is cut the blood spurts 
from it with considerable 
force, but if a vein cf the 
same size is severed, the 
blood runs in a steady 
stream and with but little 
force. Now, if a glass 
tube could be connected 
with the artery, say the 
carotid in the neck, and 
another with the jugular 
vein by the side of it, and 
these tubes fixed in an 
upright position so that 
the blood could rise in 
them, it would rise in the ^^^' ^^' 

carotid tube several feet, K^i^^^y^.'f^t^ii^d^^^^ 
while in the jugular vein J^,^ -"^ ^t^^T:^^^^: ifSS.^^ 
tube it would rise but an '^Z^''vP:m ^^TklT^^^'i^^ 
inch or two, if af all. \^r^l^:i:'^^^2^^tl ^^\b'rLt&, 

This experiment has capillaries. 

been tried on some of the lower animals. Where a dog is 
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used, the blood in the tube connected with the carotid artery 
rises about six feet, the height varying with different con- 
ditions; in the vein it rises but an inch or two, or even 
less. 

This experiment teaches that the blood in the system of 
arteries is under great pressure — great enough to support a 
column of blood, which is somewhat heavier than water, six 
feet high in so small an animal as a dog. In man the pres- 
sure is even greater. 

It teaches us further that in the veins the. blood is under 
very little pressure. It is this great difference of pressure 
between the systems of arteries and of veins which causes the 
blood to pass from the arteries to the veins. 

It is as if the blood were in two tanks— the arterial and 
venous — connected by small tubes, the capillaries. But the 
difference between the level of the liquids in the two tanks 
is six feet or more. This difference would, of course, make 
a strong flow from the arterial to the venous tank. The pres- 
sure that the blood is under in the arterial system is known 
as arterial pressure. It is greater at the origin of the aorta 
and diminishes toward the capillaries. 

Cause of Arterial Pressure. — To obtain a clear idea 
of how arterial pressure is brought about, we may con- 
sider the aorta and its branches alone ; and, further, we may 
for a moment consider them empty. Now, as the left ven- 
tricle at the heart would send out six ounces (nearly three 
eighths of a pint) of blood at each beat, in a very few beats 
the system of tubes would be filled. 

Each succeeding beat adding its six ounces would more 
than fill the tubes, when the blood would begin to run 
through the capillaries into the veins. But as the capil- 
laries are such minute vessels, they offer considerable resist- 
ance to the flow. This acts as a sort of (Jam to the prog- 
ress of the blood. But as the ventricle with great force 
keeps up its incessant beating, the very elastic walls of the 
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arteries stretch a little to hold the extra amount. The elas- 
ticity of the walls of the arteries will, of course, react on the 
blood and force it on through the capillaries, even between 
the beats of the ventricle. 

The final result of the combination of these three elements 
— (i) the beat of the ventricle, (2) the resistance of the capil- 
laries, and (3) the elasticity of the walls of the arteries — is to 
bring about that state in the arteries in which the pressure is 
just great enough to force through the capillaries a sufficient 
amount of blood between the beats, which, when added to 
that which passes during the beats, will equal the whole 
amount sent into the arteries by the ventricle during the 
same period. 

Activity of the Heart. — The heart is an extremely 
active organ. If one could remove the parts that conceal it 
and see it in the actual work of pumping the blood-stream 
along, he would be astonished at the force and rapidity of 
its action. As detailed in another section, it pumps the 
blood against the pressure which for the left ventricle 
amounts to a column of blood six to eight feet in height. 
These vigorous strokes are repeated, on an average, seventy- 
two times per minute, night and day. 

Work done by the Heart. — Each portion of the heart 
handles about six ounces of blood at each stroke. It has 
been estimated that the whole work done by the heart in a 
single day is equivalent to raising a weight of one hundred 
and fifty pounds, thirty-three hundred feet high. This would 
be equal to the work done by a man of that weight climbing 
a height of thirty-three hundred feet, which is about six 
times as high as the Washington Monument. 

A Cardiac Cycle. — In the movement of the heart, the 
two auricles contract at the same moment. The ventricles 
beat just after the auricles, and also keep together in the 
movements. The whole circle of events which occur in the 
action of the heart is spoken of as a cardiac period^ or cardial 
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cycle. In describing it, we may conveniently begin with the 
contraction of the auricles. 

Action and Function of the Auricles. — A contraction 
begins in the walls of the large veins, which rapidly runs 
over the walls of the auricles, bringing them into a sudden, 
quick contraction. This contraction completely fills the 
ventricles, and by the rebound of the blood thus suddenly 
sent into them, the tricuspid and mitral valves are well closed 
before the ventricles b'egfn to contract. The auricles imme- 
diately relax and receive blood from the veins until they 
contract again. 

The function of the auricles is to act as a reservoir for the 
blood, and especially to fill the ventricles and close the tri- 
cuspid and mitral valves, so that each ventricle may waste 
no time or energy in its work. 

Action and Function of the Ventricles. — Immediately 
at the close of the auricular contraction, the ventricles con- 
tract with a somewhat slower but much more powerful 
action. They force their contents against the semilunar 
valves with a greater force than that of the pressure in the 
aorta *and the pulmonary arteries. This opens the semilunar 
valves and allows the bldod to be pushed into the aorta and 
the pulmonary arteries, and their branches. The ventricles 
completely empty themselves. They then relax. At this 
moment the force of the blood in the arteries reacts on the 
semilunar valves to close them, while the tricuspid and 
mitral valves open and allow the blood which has been 
accumulating in the auricles to fall into the ventricles, 
each auricle with its ventricle forming one large room" This 
state of rest remains for a short time, when the auricular 
beat begins again and the programme is repeated. 

Function of the Papillary Muscles. — The little lumps 
of muscle in the sides of the ventricles, to which the tendinous 
cords from the edges of the mitral and tricuspid valves are 
attached, contract at the moment the ventricles contract. By 
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this means they hold down to their proper positions the 
edges of the valves, which might, without this action, be 
loosened by the shortening of the ventricles in contracting. 

The Sounds of the Heart. — By placing the ear over the 
heart two sounds are heard. The first, an indistinct, slightly 
prolonged one, immediately followed by a short, more dis- 
tinct one. The two have been represented by pronouncing 
the syllables, labb, dtip. But they are best understood by 
listening to the heart pronounce them. Much dispute has 
arisen as to the cause of the first sound, but the evidence 
seems to prove that it is caused by the shock at the closure 
of the mitral and tricuspid valves. The second is plainly 
caused by the closure of the semilunar valves. 

The Pulse. — When the left ventricle by its sudden im- 
pulse forces its contained blood into the aorta, the walls of 
the whole arterial system spring out a little — the expansion 
beginning at the root of the aorta and running like»a wave 
through the whole length of the arteries. 

The shock of this expansion can be plainly felt on the 
arteries, -and is called the pulse. When the arteries come 
near the surface, as the radial artery at the wrist, the tip of 
the finger can detect the pulse wave. There are several 
other points where the pulse may be felt. 

The pulse is used by the physicians to learn the rate of 
the heart's action, the character of its action, and the condi- 
tion of the walls of the arteries. These may be to him evi- 
dences of significant facts in disease. 

A pulse also exists in the pulmonary arteries. It disap- 
pears in the capillaries, and is absent in the veins. In very 
rare cases it may appear feebly in these vessels. ^ 

Rate of the Blood Current. — The time that it takes for 
the blood to make a complete circuit has been found by 
experiments on lower animals. From them it is estimated 
that in man the time is about thirty seconds. It is not 
probable that all the blood is circulated in that time, as some 
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may be easily detained by various causes, but that it is pos- 
sible that some of the blood may make the rounds in that 
time. 

The blood rushes very rapidly along the arteries, very 
slowly through the capillaries, and at a steady but moderate 
rate through the veins. This results from the fact that the 
aggregate capacity of the capillaries is six to eight hundred 
times the capacity of the aorta. The united caliber of the 
large veins as they enter the heart is about twice that of the 
aorta. Of course, the rapidity of a stream carrying the same 
amount of blood will be slower proportionately to the size of 
the stream. 

We may recall that the whole object of the circulation is 
to bring the blood to the capillaries, where the exchange be- 
tween tissue cells and blood can take place. This requires 
immense surface, slow motion, and an absence of pulsation, 
and we have seen how admirably these necessities have been 
met. 

Means for Regulating the Flow of Blood A little 

reflection would show us that the body has some- way by 
which the flow of blood is modified. For example, the face 
sometimes turns pale, at others it turns red, due to the 
amount of blood in the skin of the face at the time. These 
changes may take place rapidly, and are caused, we say, by 
various emotions. But what we wish to inquire into now is 
how the circulatory system accomplishes these changes. 

These occasional changes which take place in the skin of 
the face are constantly occurring in other parts of the body. 
The inner wall of the stomach, when digestion is going on, 
turns red with the large amount of blood, and turns pale 
during rest. So with the glands, the muscles, and the brain. 
Whenever any one of them is in activity, large amounts of 
blood can come to it. Indeed, this is a necessary condition 
for *ts activity. When they are at rest, but small amounts, 
comparatively, flow through them. 
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Nervous Control of the Small Arteries The in- 
crease or decrease of flow to any one organ is accomplished 
by the action of the muscular walls of the small arteries and 
their veins. When any organ becomes active, nervous im- 
pulses come to the muscle fibers of its small arteries and 
cause them to relax. The blood, as has been shown, being 
under great pressure in the arterial system, immediately 
rushes into the relaxed arteries and fills the organ with a 
larger amount. 

When the activity of the organ ceases, other impulses come 
to the muscle cells of the small arteries, and cause them to 
contract, and thus narrow their caliber and lessen the amount 
of blood supply. 

It is as if there were a number of faucets at the ends of the 
arteries in each organ, which, by means of the nerves, could 
be turned off and on as the demands of the organ require. 
Or, again, the body could be compared to a farm watered by 
irrigation, where a system of ditches leading from a great 
reservoir allows the farmer at his pleasure, by opening and 
closing the various sluices, to flood with water any field or 
bed of plants he might select to receive it. 

Nervous Control of the Heart The heart is, of course, 

the most important factor of all in maintaining the circulation 
and in getting up the high arterial pressure which renders the 
regulation of the local blood supply possible. The rapidity 
and strength of its beats are carefully adjusted to the impor- 
tant problem of keeping the blood pressure at the proper 
point. 

In the first place, it nas its own little nervous system of 
ganglia and nerves (see chapter on Nervous System), which 
can keep it beating independently of the rest of the nerves. 
The heart of a frog or of a turtle or of many other animalis, 
even of so high an order of mammals as the dog, has been 
removed from the body, and by methods known in physiolog- 
ical laboratories, has been kept alive some time when care-* 
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fully handled and fed with good blood. In these conditions, 
the heart has been known to beat for hours, sometimes for 
days, in a frog or a turtle, pumping blood from one vessel to 
another. In these cases the beating is accomplished through 
the heart's own nervous system. 

Besides these nerves, at least three sets of nerve fibers 
come to the heart: 

1. A set of fibers to carry impulses from the heart to the 

medulla oblongata (a part of the brain). These report 
the condition of the heart to the nerve center. These 
fibers are in the pneumogastric or tenth cranial nerve. 
(See Fig. 45.) 

2. A set of fibers which bring impulses to the heart to slow 

its motion. These fibers come from the spinal ac- 
cessory nerve, but reach the heart from the pneumo- 
gastric nerve. (See Nervous System.) 

3. A set of fibers that bring impulses to the heart, and 

which quicken its motions. These are fibers from the 
sympathetic system. 

The relations of these nerves to the heart and to the cen- 
tral nervous system are shown in the diagram in Fig. 45, in 
which S represents the sensory fibers from the heart — the 
words " slows " and " quickens " are placed by the side of the 
nerves that accomplish these actions ; C nerves that cause 
constriction of the small arteries; D^ nerves that cause them 
to relax. The sacs following are to represent the capillaries 
of two organs — ^for example, the stomach and the muscles of 
the leg. 

For example, if while one is at rest his pulse be counted, 
it will be found to average about seventy-two pulsations per 
minute. If his face be observed, it may be of its usual pink 
color. Now, if he, as quickly as possible, climb a steep hill 
or run up several flights of stairs, or perform any other vio- 
lent exercise bringing into play a large number of muscles, 
and within two or three minutes after this exercise has begun 
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the pulse be counted, it may reach the rate of one hundred and 
thirty per minute. At the same time the face may be pale. 

This is what is occurring: The muscles, thrown into vio- 
lent action, are consuming the food and oxygen in them and 
making a large amount of carbon dioxide. This requires 
an increased 
flow of blood 
through them to 
supply the one 
set of substances 
and to remove 
the other. Nerv- 
ous impulses go 
from the muscles 
to the nerve cen- 
ters (brain and 
spinal cord), 
which report 
these needs. 
Immediately im- 
pulses go down 
the nerves to the 
walls of the small 
arteries in the 
muscles (Fig. 
45), which relax 

Z' . Diagram to show the Nervous Control op the Heart 

the arteries, ^d Arteries. (E. H.) 

Such a large For explanation, see text. 

number of arteries as it takes to supply the great number of 
muscles in action, opened at once, drains the blood off from 
the other parts, as seen in the paleness of the face, the small 
arteries of which may even contract to help throw the blood 
to the muscles. This would tend to reduce the arterial pres- 
sure. Nerves bring to the nerve centers impulses indicating 
this fact^ and immediately impulses go out to the heart by 
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Other nerve fibers (Fig. 45) which quicken its action, by 
which the blood pressure is brought up to its proper height. 
Soon the new conditions of the activity are provided for. the 
blood returns to the face, and may even redden it. The 
heart will gradually return nearer to its normal state. 

What is here made so conspicuous by such a large amount 
of tissue suddenly thrown into activity is constantly occur- 
ring in a less obvious way with the various organs of the 
body. 

The water- works system in many of our cities would serve 
to illustrate some of these points. If a fire occurs in a part 
of the dty, a message is sent from this point to the central 
office. From this point men are sent to open a fire plug 
and by means of the hose turn water on the burning house. 

If the fire is a very large one, word is sent to the central 
office, and from this orders are issued to the engine-house 
containing the great pump, the result of which causes it to 
pump faster and harder to make the water pressure greater. 
And, in addition, it may happen to be necessary to turn off 
the water from other parts of the city to have a sufficient 
supply to put out this fire. But the completeness and delicacy 
with which the circulatory apparatus in the human body 
responds to its ever-changing conditions far surpasses any 
human inventions. 

Disturbances of the Local Blood Supply. — From the 
above view of the nervous control of the circulatory system it 
may be seen why it is not advisable to take violent exercise 
immediately after a meal. The activity brings great quanti- 
ties of blood to the muscles, and the process of digestion will 
suffer from a lack in the supply. The vigorous use of the brain 
in intellectual activity would disturb the supply to the digest- 
ive organs. There is not enough blood in the body to fur- 
nish all the organs at once with a large supply. If many organs 
are brought into activity at once, some or all must suffer. If 
this action is continued, serious results may follow- 
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Inflammation. — An inflammation is always accompanied 
by an excessive amount of blood to the part inflamed. In 
these parts the blood vessels become relaxed, and much 
blood in consequence rushes to them. 

A cold is an inflammation of some part of the mucous 
linings of the passages in the head and throat, and may be 
caused by a chilling of the skin, which causes a contraction 
of its blood vessels and is accompanied by corresponding 
relaxation of those of the mucous membranes. Sometimes 
the cold may be at least partially relieved by producing 
again a slight inflammation in the skin or a relaxation of its 
blood vessels, by rubbing it briskly after a bath or by bath- 
ing parts of it with a slightly irritating liquid, such as warm 
water with rnustard in it. 

This is given here as an illustration of the method of regu- 
lating the action of the circulatory system. Other examples 
will occur, as blushing, turning pale, etc. Drowsiness after a 
heavy meal is occasioned by a less amount of blood passing 
through the brain on account of the greater amount turned 
into the blood vessels of the digestive organs. 

Effects of Alcohol on the Circulation — (For fuller ac- 
count of effects of alcohol on the body see Chapter XXII., 
pp. 288-294.) As the heart is so closely connected with the 
other parts of the body, it is not easy to determine the effects 
of any single substance upon it. If the substance in question 
is taken into the stomach, and shortly afterward the heart's 
action becomes cbanged, it is difficult to say whether the 
change is due to the direct action of the substance by its 
absorption into the blood and its conveyance to the heart, or 
to its effect on some other organ through which it indirectly 
and by reflex action influences the heart. Careful and emi- 
nent physiologists have shown beyond doubt that when the 
heart of an animal is separated from the rest of the body and 
kept alive, the result of experimentation on it with even weak 
alcohol is to enfeeble its action and decrease its power for 
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work. It acts thus in the line of depressing and paralyzing 
the heart, and cannot be regarded as a heart stimulant. 
The whole discussion of this question would be too long and 
too technical to enter into at this place. But there is abun- 
dant and eminent authority for this opinion, opposed to the 
older and widely accepted one, that alcohol is a stimulant to 
the heart's action. The action of alcohol on the heart in 
cases of fainting and the like is explained as follows : The 
alcohol works as a sedative to the nervous system, and thus, 
in the relief from the shock, the heart starts into more vigor- 
ous action. The increase of frequency of the heart's beat 
very often is accompanied by such a decrease of the force of 
the heart, that the total amount of work done by it is really 
decreased ; that is, the heart in this condition is less effec- 
tive as an organ of circulation. This is claimed to be the 
case when the frequency of pulsation is increased by the use 
of alcoholic drinks. Large doses of alcohol stop the action 
of the heart and cause immediate death. 

A very common result of taking alcoholic drinks is a flush- 
ing of the face. This shows us that the blood vessels of the 
skin in that region are relaxed. Alcohol probably brings 
about this change through its effect on the nerve-center con- 
trolling these vessels. Reference to a former section will 
show that the power to change the caliber of the small 
arteries is an important factor in regulating the amount of 
arterial pressure and in controlling the blood supply to any 
single organ. Alcohol disturbs the nice balance maintained 
in the circulatory apparatus. The result is that the distri- 
bution of the blood is not just what the different organs 
require. While it may not be possible to point out which 
organ suffers the most, it is obvious that in such a condition 
the whole body is at a disadvantage. The most marked 
action of alcohol is on the nervous system. That portion 
which regulates the circulation shares with the remainder 
the evil of having false stimuli to guide it in the nervous 
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responses. Interfering with the circulation disturbs the 
whole process of nutrition. 

The habitual use of alcoholic drinks may lead to serious 
disease of the heart and of the other organs of circulation. 
When no direct disease of the heart is traceable to the use 
of alcohol, still through its continued effects the heart be- 
comes weakened and thus more liable to disease in the future. 
Its general vitality and tone are impaired, thus rendering it 
more easily a prey to these diseases. It may become con- 
siderably changed in structure ; fat and connective tissue 
developing at the expense of the muscle cells as in fatty 
degeneration of the heart. 

The smaller blood vessels, through the continued use of 
alcoholic drinks, are likely to become, in certain regions, at 
any rate, paralyzed, and they remain in a distended condition. 
It is said "that in the blood itself alcohol has the effect to 
take from the red blood corpuscles a portion of their oxygen, 
and thus to interfere with their important function which 
has already been discussed. 



Directions for Practical Work. 

To observe the circulation in the capillaries ^ the web of a frog*s foot, 
the tail of a tadpole, the gills of a larva of a salamander, or the tail of a 
small fish may be used. The part observed is to be kept moist and held 
under the microscope. 

The fish or tadpole can be wrapped in a small strip of wet cloth on a 
glass slide, in such a way as to leave the tail exposed. The frog may be 
tied in a similar way to a thin slip of wood (a piece of shingle answers). 
The foot is to be pulled out, and, by means of threads to the toes, the 
web is spread over a small hole made in the strip of wood, and firmly 
tied in this position. The hole allows the light to come through. This 
web is then placed under the lens. 

Study the object with a view to making out at least the motion of the 
capillaries, the arteries, the veins, the appearance of the corpuscles, both 
red and white, the relation of all the surrounding tissues, and the changes 
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whith may take place in the parts while under observation. If one is 
not careful, he is likely to let his surprise at the great activity prevent his 
making careful observation of the parts. It must be remembered that 
the motion under the microscope is magnified, and, while it appears very 
rapid, it is really very slow. 

The action of the heart may be well shown in the turtle. It may be 
killed with chloroform, or by decapitating it. The bony breast-plate 
must be removed very carefully, when the heart will be exposed in action, 
which will continue for a long time. Observe carefully the contraction 
of the auricles and ventricles, the pause, the rate, and the action of the 
blood vessels. 

The effect of heat and cold on the rate of pulsation may also be seen. 

The heart of a frog or toad may be used for study in the same way. 
These are more easily obtained and handled, but are smaller, and of 
course their action is hot so easily seen. 

Many of the mechanical principles of the circulation may be illustrated 
by an india-rubber bulb syringe, a long glass or iron tube, and a very elas- 
tic rubber tube. A glass tube with a fine opening may be used as a noz- 
zle. Using the rigid glass or iron tube, and pumping with the bulb, the 
jets can not be got rid of, but with the elastic tube a steady stream may 
be obtained, and pressure may be secured which will keep the stream 
going after the pumping is stopped. 

The formation and action of the pulse may also be demonstrated by 
this apparatus. 

Observe the rate of your own pulse in the positions of standing, sitting, 
lying down, and walking. 

Run rapidly up a hill or upstairs, and immediately observe the rate 
and elevation of the pulse. Observe how long a time elapses until it 
returns to the usual rate. These experiments may be varied in many 
ways to show the change of the rate to suit the changes in activity. 

Determine the rate of the pulse in some of the lower animals. 



Review Questions. 

1. Describe the course of the blood in its circulation 
through the body. Represent it by diagram. 

2. What is meant by the portal circulation ? 

3. Point it out in the diagram given in the book. 

4. What is meant by blood pressure ? 

5. How has it been illustrated ? 
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6. What is the arterial pressure in man ? What the ve- 
nous? 

7. Where in the system is the blood pressure the great- 
est ? 

8. What causes the blood to flow from the arteries to the 
veins ? 

9. How is the pressure in the arteries brought about? 
Describe in detail. 

10. What are the three elements which produce arterial 
pressure? 

11. What is the heart's rate ? 

12. How much work does it do in twenty-four hours? 
Illustrate. 

13. Name the events of a cardiac cycle. 

14. Describe the action of the auricles. 

15. What are their functions ? 

16. Describe the action of the ventricles. 

17. What is the function of the papillary muscles ? 

18. Give the action of the semilunar valves. 

19. Give the action of the mitral and the tricuspid valves. 

20. What are the sounds of the heart ? 

21. What is the cause of each ? 

22. What is the pulse? What is its cause ? 

23. What does it show ? 

24. What length of time is required for a complete circula- 
tion of the blood ? 

25. What of the rate in the arteries, capillaries, and veins? 

26. What is the cause of the change of rate in these differ- 
ent parts ? 

27. What is the object of circulation ? 

28. Why should the blood flow slowly in the capillaries ? 

29. What are some of the indications that there are means 
for regulating the action of the flow of the blood ? Illustrate. 

30. How is the increase or decrease of the flow of blood to 
a single organ accomplished ? 
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31. Illustrate by a comparison. 

32. What nerves control the heart's action ? 

33. How are they called into action ? 

34. How do these regulate the heart's action ? 

35. Explain the diagram in Fig. 45. 

36. Illustrate these actions by examples in the body's ac- 
tion. 

37. What causes blushing ? Turning pale ? 

38. State now in detail how the local blood supply is regu- 
lated. 

39. Compare this system and action to a system of city 
water- works. 

40. Why should we not attempt severe work immediately 
after a meal ? 

41. Give examples of similar disturbances of local blood 
supply. 



CHAPTER IX. 

FOODS AND THEIR RELATION TO THE ACTIVITY OF 

THE BODY. 

Foods. — We do not need to study Physiology to learn that 
the body must have food and drink. We are not left to find 
this out by study alone. We are so constituted that any 
great delay in receiving either develops in us such severe 
thirst or hunger that we are driven to secure food or drink, 
even at great sacrifices. 

Hunger and thirst are feelings that we are made conscious 
of through the nervous system, when lack of food and water 
exists. Hunger and thirst are the result of the working of a 
certain self-regulating mechanism in the body, the purpose 
of which mechanism is to bring about what the body de- 
mands to continue its existence. 

Just why we need food further than to simply satisfy hun- 
ger, and what use is made of it when in the body, is not so 
plainly seen, and needs more careful study. In the first place, 
it can be easily shown that the human body is constantly 
losing weight, except at the moment of taking in food or 
drink. In what form do these substances leave the body ? 

I St. Every breath thrown out of the lungs carries with it 
a certain weight of carbon dioxide,* a gas composed 
of carbon and oxygen. 

2d. Vapor of water is leaving the skin constantly in greater 
or less quantities. This consists of hydrogen and 
oxygen. 

3d. Several substances are separated from the blood by 

the kidneys, to be carried from the body. The 

(III) 
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principal one contains carbon, oxygen, hydrogen 
and nitrogen, and is known as urea. 

Even stopping the taking of food will not prevent these 
wastes. They must go on. They can not cease. The food 
and drink which we take go to supply the substances from 
which carbon dioxide, water, and urea are produced. The 
food alone could not supply the loss occasioned by the re- 
moval of these wastes. One other substance is necessary. 
That is oxygen. 

We may say, then, that one object of the food is to replace 
the wastes constantly occurring in the body. The necessity 
of this supply and waste is the subject of inquiry later on. 

In the above we have considered the case of the body 
while merely maintaining its weight, but if it is increasing 
its weight, as in a growing child, it is evident that besides 
supplying the amount lost by waste, the food is the only 
source from which to get material for increase in size. Let 
us now inquire as to the relation of food and oxygen to each 
other, and of both to the cells of the tissues. 

Composition of Foods. — The foods which we know by 
experience will maintain the body in health and activity have 
been studied by chemists and found to contain the following 
classes of substances: 



Foods. - 



t Proteids, nitrogenous substances. 

Organic. J Fats ) 

) ' y non-nitrogeoous substances. 

I Carbohydrates, ) 

T . ( Water. 

Inorganic. -J 

( Salines. 



The proteids constitute a group of sxibstances well repre- 
sented by the white of an egg— egg albumen. Besides this 
the most common ones are casein^ found in milk and cheese; 
gluten^ found in most grains, being the sticky part in wet 
flour; legumen^ abundant in beans and peas; myosin^ in the 
lean of meat ; and fibrin and serum albumen in the blood. 
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These substances are alike in that they coagulate by boil- 
ing, and behave in the same way toward several substances 
(chemical tests). For example, nitric acid or alcohol wiU 
coagulate them. 

They are all composed of varying proportions of carbon 
(C), hydrogen (H), oxygen (O), and nitrogen (N). Since 
this group is the only one of the food groups which contains 
nitrogen, it is often called the Nitrogenous Group, 

The second group, the fats, is familiar enough to need 
no description. In foods they occur in butter, milk, some 
grains (corn), nuts, and in the fats of animals. In chemical 
composition they all have the same elements: carbon, hydro- 
gen, and oxygen. 

The third group, the carbohydrates, includes in our foods: 
(i) 1 he starches, abundant in grains, vegetables of all kinds, 
and nuts; and (2) the sugars, found in nature in fruits and 
many vegetables, and manufactured in large quantities from 
starch. I his group is, like the second, composed of car- 
bon, hydrogen, and oxygen, but in different proportions, the 
oxygen being relatively much more abundant than in the 
fats. The second and third groups are often termed Non- 
nitrogenous Substances, 

It is not usual to make use of any one of these food sub- 
stances singly. They are found mixed with each other in 
nature ; or, if they are afterward separated as sugar, starch, 
or fat, before they are taken as food they are again mingled 
in greater or less proportion. A table of the composition of 
common foods is given in a subsequent section, showing the 
relative proportion of nitrogenous and non-nitrogenous food 
in each. 

All of these foods have a considerable amount of water 
in them, together with some saline substances. The saline 
substances consist of common salt, carbonates and phosphates 
of lime, sodium, and potassium, all in small amounts, and with 
traces of very many other saltSe 
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Relation of these Food Substances to Wastes. — The 
organic food substances just described are all substances 
with which oxygen will unite. Outside of the body they 
can be burned in the air. This burning is the union of the 
oxygen with the substances at a high temperature. That is, 
the proteids, fats, and carbohydrates, at a high temperature 
will unite with the oxygen, and thus be decomposed and 
form new substances. Such substances as will unite with 
oxygen are called oxidizable substances. 

When bread, meat, butter, cabbage, starch, or sugar is 
burned, and we catch the products of the combustion, they 
are always found to be carbon dioxide, water, and some sub- 
stances more or less like urea, containing nitrogen if the sub- 
stance burned is nitrogenous. That part of these substances 
which will not burn will also be left in the form of ashes. 
This contains the salines. 

Now, these products of the combustion are exactly the 
same as the wastes of the body. They are the oxidized sub- 
stances. The organic foods pass into the body as oxidiz- 
able substances. The oxygen passes from the lungs into 
the body. They both leave the body in oxidized com- 
pounds. Somewhere in the passage through the body the 
oxygen and the food substances, or their derivatives, have 
united. 

Phenomena attending Oxidation outside the Body. — 
When organic substances are burned outside the body, heat 
is always given off. If we should burn the grain, meat, or fats 
in a properly constructed boiler connected with an engine, 
we would get a great amount of heat, and by it motion could 
be produced. Most of our machinery is now run by allowing 
oxygen and an oxidizable substance to unite in a furnace, 
which, by heating water, will produce steam, which will in turn 
produce powerful motions. Ordinary food products are too 
expensive generally for this purpose, so coal, wood, or gas, 
which are readily oxidizable, is used in just the same way. In 
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some parts of the United States corn is often cheaper than 
coal, and is occasionally used for fuel. 

Forms of Energy, Conservation of Energy, and Cor- 
relation of Forces. — The study of Physics teaches that all 
the work of the world is done by a few forms of energy. 
These are the energy of mechanical position, producing the 
visible motions which whole masses may have, such as the fall- 
ing of water, moving of air, a falling weight, such as a clock 
weight; or the energy' of molecular motion, such as heat, light, 
or the form of energy shown when atoms are combined to 
form molecules, such as oxygen with carbon to form carbon 
dioxide, which is called chemical energy ; or the energy may 
be that of magnetic or electric condition. 

Energy, like matter, can not be brought out of nothing, 
nor can it be destroyed/ This fact is stated as the law of the 
Conservation of Energy. Just as we can not shape a new 
form of matter except from material already in existence, so 
we can not get a single new motion, or raise a single drop of 
water to a higher temperature, except by the use of some 
already existing form of energy. 

Tho forms of energy are convertible one into another. 
That is, by heat we can get motion; by chemical activity we 
can get heat, or heat may be transformed into light, or chem- 
ical action may become the source of both.. This converti- 
bility of one form of energy into another is known as the 
Correlation of Forces. 

The Source of most of the Energy which works 
our Machines. — In actual practice we get a great amount 
of our work done by heat which we obtain by the oxida- 
tion of carbon in fuel, such as coal, wood, oil, etc. This 
is chemical energy converted into heat, which, expand- 
ing the steam, pushes a piston, and thus produces motion, 
which may revolve a body in such a way as to produce 
an electrical condition, which, in turn, may result in light 
or heat again. In some cases we wish only heat, as for 
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warming our houses; sometimes only light, and sometimes 
only motion. 

Machines are arranged to make use of any one or all of 
these forms of motion. We have examples in the stove or 
furnace, in the lamp or electric light, or in the moving car, 
or the wheels of some form of machinery. 

In all these cases the source of the energy, we may repeat, 
is from the chemical energy in the combustion of the coal or 
other fuel. We may also repeat that the waste of this com- 
bustion is always carbon dioxide, and generally water and 
some compound of nitrogen are also produced. The wastes 
are always oxidized products, the exact form depending on 
the kind of the fuel. 

Source of Energy in the Body. — The human body can 
not escape the laws of the physical world. Every motion 
in it, every chemical action by any cell, every bit of heat 
produced — in short, every form of activity which it manifests, 
must also, as in the engine, be produced by the transform- 
ing of some already existing form of energy. The form of 
energy which seems to be the main source of all those shown 
by the body is that of chemical energy, obtained by the 
union of oxygen with parts of the tissue cells derived from 
the food substances. To sum up these points, we may say: 

1. Energy is the power of doing some kind of work (me- 

chanical, molecular, or atomic). 

2. The chief forms of energy are: heat, light, mechanical 

(energy of position), electrical condition, and chemical 
(atomic) condition. 

3. Energy can not come from nothing, but one form must 

come from another form. 

4. In most of the processes outside the body the source 

of the particular form of energy sought is chemical 
energy derived from oxidation of oxidizable sub- 
stances — the one from the fuel, the other from the 
air. 



RELATIVE VALUE OF THE ORGANIC FOODS, II7 

5. In the body the principal forms of energy required 

are mechanical motion, heat, and chemical action (in 
growth and secretion). 

6. The source of these is, as in the processes outside the 

body, oxidation of oxidizable substances. 

7. The oxidizable substances are in the cells, aiid are 

drawn from the food; the oxygen which oxidizes 
them comes from the air. 

Other Substances taken with the Foods. — The water 
and salines dissolved in it, which are taken with the food, 
should be considered apart from the organic foods. If they 
are to be called foods at all, they are so in an entirely differ- 
ent sense from that in which the organic compounds are foods. 

Water. — Water taken into the body is probably not at all 
changed until it leaves the body. Its main uses are : (i) to 
act as a solvent of substances, so that they may as a liquid 
move from place to place, and (2) as a means by which trans- 
ference of substances by the principle of osmosis may occur, 
the method upon which every cell depends to receive its food 
or give up its wastes. 

Salts.— The salts in the food that the body makes use of 
serve various functions. Some, added to water, make it a 
solvent for substances which water alone will not dissolve; 
others form parts of certain tissues, as salts of lime in the 
osseous tissue* Of many the function is unknown. Of course, 
many salts taken with the food are made no use of at all 
in the body, and may be injurious, as is the case with most 
niineral salts. . 

. Flavors. — Other substances are mixed with the food by 
the cook for the purpose of producing pleasant flavors or 
tastes. These substances are in no proper sense of the term 
foods, but they serve the very useful purpose of rendering 
the food pleasant. Other things being equal, food pleasant 
to the taste seems to be, in general, surer of digestion. 

Relative Value of the Organic Foods. — It is evident 
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that it would be the best economy in the working of an en- 
gine, both for the engine and the fuel, to use just the amount 
necessary to do the work proposed. So in the human body, 
the use of just that amount and quality of foods necessary 
to accomplish the work it is doing is the best economy in 
all ways. 

As all the tissues contain nitrogen, their growth and repair 
absofutely demand nitrogenous foods. These we have seen 
are the proteids. Experiments have shown that animals fed 
on non-nitrogenous foods alone will starve. But if more 
nitrogen is taken in foods than is needed in the nutrition of 
the body, this requires extra expenditure^f energy, and thus 
there is a waste of the food and energy. 

The organs of the body concerned can stand some varia- 
tion from the normal work, but a great variation long con- 
tinued would result in injury or disease of the organs. Many 
diseases have been traced to long-continued taking excess 
of proteid foods. 

The greatest amount of energy that the body manifests 
is in the form of heat and motion, and not growth. There 
seems to be what is required for the production of these in 
the non -nitrogenous foods, — fats and carbohydrates. An 
eminent authority (Landois and Stirling's "Physiology") 
makes the statement that " experience has shown that the diet 
best suited for the body must contain one part of nitrogenous 
foods, and three and one half, or, at most, four and one half 
parts of non-nitrogenous foods. " The following table of ap- 
proximate composition of foods from the same source shows 
how nearly some of our common foods come to containing 
the proper proportions : 



1. Veal, 

2. Rabbit's flesh, 

3. Beef, 

4. Beans, • 

5. Peas, 



NITROGENOUS. NON-NITROGBNOUa 

10 to I 

10 " 2 

10 ** 17 

10 ** 22 

10 •* 23 
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NITROGENOUS. NON-NITROGENOUS 



10 


to 


27 


10 




30 


10 




30 


10 




37 


10 




46 


10 




50 


10 




57 


10 




57 


10 




"5 


10 




123 


TO 




130 



6. Mutton, 

7. Pork, . 

8. Cow's milk, 

9. Human milk, 

10. Wheat flour, 

11. Oatmeal, 

12. Rye meal, 

13. Barley, 

14. Potatoes, 

15. Rice, 

16. Buckwheat meal. 



Variation in Amount of Foods. — From the whole dis. 
cussion of the subject it can be seen that the amount of 
food any one will need will vary greatly with the work the 
body is doing and the conditions under which it is working. 
It is like an engine in this particular also. Exposed to cold 
weather, more food is needed than in warm weather. More 
food is needed as the activity is greater. Activity in a cold 
atmosphere will require still more. When the conditions 
are the opposites, the body requires less food. The follow- 
ing table, quoted in Landois and Stirling's " Physiology," is 
instructive : 

A healthy adult person requires in twenty-four hours, not 
including water : 

Proteids, .... 
Fats, .... 

Carbohydrates, 



Salts, 



Total. 



AT REST. 


IN ORDINARY WORK. 


HARD WORK. 


Ounces. 


Ounces. 


Ounces. 


2.5 


4.6 


6 to 7 


i.o 


3.0 


3-5 to 4.5 


12.0 


14.4 


16 to 18 


0.5 


1.0 


1.2 to 1.5 



16.0 



23.0 



26.7 to 31 



The facts given in the above tables and statements have 
been arrived at by a long and careful series of observa- 
tions and experiments. They teach a great deal and give 
a rational basis for regulating the amount of food, which, 
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if carried out on a large scale in a community, would save 
a great amount of waste of valuable food, and would rid the 
community of many diseases. This, of course, is impracti- 
cable, except in armies or other large bodies of men whose 
food is served out to them under control. 

The Body's Method of regulating the Amount and 
Kinds of Foods. —While the results of scientific investiga 
tion of foods are extremely valuable, yet each one in health 
has in his own body, as was mentioned at the beginning of 
the chapter, a portion of the nervous system which reports 
from time to time his needs in these respects. The effect 
of lack of food gives rise to hunger; lack of water, thirst. 

A need for this or that food and a necessity for change ^re 
revealed to us by our likes and dislikes, longing or craving 
for or loathing different kinds of foods. If we are in health 
and do not abuse these tastes, but give the proper attention 
to them, we may cultivate and keep a delicate indicator 
which will, in a more perfect way than any scientific table has 
yet done, tell us what is needed. 

If one has, from one cause or another, abused his appetite 
until it is deranged and no longer a safe indicator, he is in 
great danger, and will have to depend on some other guide 
until it is regained. 

" Dieting." — It is a curious and unpleasant fact that too 
much consciousness of what is eaten, and too much dwell- 
ing on what might be the consequences of this or that kind 
of food, often brings about serious derangement of the digest- 
ive processes. 

Many phases of the so-called disease of dyspepsia have 
been brought on by an overconsciousness of the process of 
eating, the result of attempting to put into practice some 
particular set of rules of what to eat, what not to eat, and how 
to eat it. Such people can often recover if they would banish 
all rules, except the good universal rule of not overfeeding; 
and think of something else than of what they are eating. 
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Alcoholic Beverages and Food. — In substances known 
as alcoholic drinks (for fuller treatment of composition and 
properties see Chapter XXII, pp. 286-294) alcohol consti- 
tutes the characteristic substance. There has been a great 
deal of discussion as to whether alcohol may be used as a 
food in the body; that is, whether it can be oxidized and 
decomposed into carbonic acid gas and water, and thus give 
rise to energy which may supply the body. 

Directly opposite opinions are held in regard to this ques- 
tion. The arguments and evidence are too lengthy and 
technical to be entered into here. Still it may be said that 
certain experiments seem to show that, under some circum- 
stances, alcohol taken in small amounts may be partly 
decomposed in the body, and thus may serve as food. On 
the other hand, it is clear that much of the alcohol taken 
into the body is thrown out as such, and consequently could 
not have served as a food. The whole question has only a 
scientific interest, and not any practical bearing, for no one 
really takes alcohol for nutrition, and if it could be unmis- 
takably demonstrated that some of the alcohol taken into the 
body could act as food, the amount that is thus used is so 
very small that it can have little importance in this capacity ; 
for other harmless and less expensive articles furnish much 
better nourishment. A slice of bread and butter is immensely 
more nutritious than the amount of alcohol that could be 
purchased for the same price. 

Other substances in alcoholic drinks, which are undoubted 
foods, such as sugar and proteids, are present in but small 
amounts. Purchased as a part of these drinks, they are most 
expensive ; hence these beverages cannot be considered as 
important sources of such food substances. On the other 
hand, the manufacture of these drinks is accomplished by the 
destruction of vast amounts of the principal food substances 
of the world, which greatly offsets the little value they may 
possess as food. 
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Review Questions. 

1. What is the means the body takes to secure suffident 
food? 

2. How are hunger and thirst produced ? 

3. How does the body lose weight ? 

4. When does this loss occur ? 

5. What supplies the loss ? 

6. What are the wastes of the body ? 

7. Of what are they composed ? 

8. What things occasion the demands for food ? 

9. What are the classes of food substances ? 

10. Give examples to illustrate proteids. 

11. Of what elements are they composed ? 

12. What are some of their properties? 

13. Give examples of articles of food containing them. 

14. Describe the fats and give the sources from which we 
obtain them. 

15. What are the carbohydrates ? Illustrate. 

16. Where are they found ? 

1 7. What is their composition ? 

18. How are the salines furnished to the body? 

19. What is an oxidizable substance ? 

20. Which are the oxidizable foods ? 

21. What substances would result from burning the organic 
foods ? 

22. What is the evidence that these food substances are 
oxidizable in the body ? 

23. What phenomena attend oxidations outside of the 
body? 

24. How is the work of the world accomplished ? 

25. What are the forms of energy? 

26. What is the law of the conservation of energy ? 

27. What is meant by the correlation of forces? 

28. What is the source of most of the energy used in run- 
ning machinery ? 
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29. Illustrate the changing of one form of energy into 
another in machines. 

30. What are the chief forms of energy manifested in the 
body? 

31. What is the source of these forms in the body ? 

32. Make a summary of the points in the foregoing dis- 
cussion. 

^^, What of the water taken into the body ? What are its 
functions ? 

34. What uses do the salts serve in the economy of the 
body ? 

35. What are the flavors and what purpose do they serve ? 

36. What is the best economy of fuel in an engine ? What 
is the best economy in the body ? 

37. Why is nitrogenous food a necessity ? 

38. Why is too great an amount of nitrogenous food not 
the best economy ? 

39. Which group of foods does the body need the most ? 

40. What is the proper proportion of nitrogenous food for 
the best economy of food and work of the body ? 

41. In the table given, which foods show the nearest 
approach to containing these proportions ? 

42. Name several mixtures of common foods which will 
give this proportion. 

43. What conditions of the body will vary the demands 
for different kinds of foods ? 

44. What is the effect of cold ? Of increased activity ? 

45. How does the body regulate its supply of the neces- 
sary kinds of foods ? 

46. What is the meaning of desires for different kinds of 
foods ? 

47. What is said of dieting ? 

48. In health how may we be guided in the selection of food ? 

49. How can our natural indicators in this regard be kept 
as a safe guide ? 



CHAPTER X. 

ANATOMY OF THE DIGESTIVE SYSTEM. 

Digestion. — We have now to consider how the food is 
brought into the biood, "- ''■ o. p. 

by which means it reaches 
the tissue cells. None of 
the ordinary proteids 
which we take as foods 
are soluble in water, nor 
are any of the fats; and 
of the carbohydrates, the " 
sugars alone are soluble. 
All of them must pass 
through the lining wall 
of the alimentary canal. 
This is composed of a 
layer of cells. This 
necessitates the reduc- <^ 
tion of these insoluble ap 
substances to a state of 
solution, or, as in the 
case of the fats, to a 
very finely divided state, 
called an emulsion. These 

processes are digestion, ^'3- **■ 

and to a great extent are alimkntabv Cakai, 

chemical processes in ^\'^°?^^\^-^°^"r- ^^''^^ 
their nature. Elf^ir^-JUS-^KirJi'/^^.^llfe^iuS; % 

But as the food sub- appendi*ve™ifo™iB;Cc»cuB.. 

stances are enclosed generally in more or less solid or bulkj 
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forms, as bread, meat, beans, fruits, etc., they must be sub- 
jected to certain mechanical processes— mastication, swallow- 
ing, and other muscular actions— to propel them along. All 
these processes are accomplished by a series of organs in* 
eluded under the head of the Digestive System. 

Digestive System. — This consists of che alimentary canal 
and its appendages^ the organs of which are: the mouth and 
its appendages (the salivary glands), the pharynx, the oesoph- 
agus, the stomach, the small intestine and its appendages (the 
liver, the pancreas), and the large intestine. The alimentary 
canal is a long tube which varies in size and form at different 
positions to make the organs }ust mentioned. 

Mucous Membrane — General View. — Throughout its 
whole extent the alimentary canal is lined by a sort of skin 
— the mucous membrane — continuous at the lips with the skin 
on the outer surface of the body. In this mucous lining are 
imbedded many glands, nerves, and blood vessels. 

Glands. — It is the function of the glands to secrete the 
liquids which are to accomplish the digestion of the food; 
hence, they stand first in importance in the digestive system. 

All true glands are formed on the same plan, their com- 
plexity resulting by simply repeating the parts. The es- 
sential parts of a gland are a layer of gland or secreting cells ^ 
a thin layer of connective tissue, called the basement mem- 
brane^ to support the cells, a system of nerve fiber s^ and a 
network of capillary blood vessels in close proximity to the 
basement membrane. 

This arrangement allows the blood to circulate freely near 
the cells, and the lymphatic spaces between allow exchanges 
between the blood and the gland cells. Thus they may 
receive the supply of blood on which they depend for the 
formation of their peculiar secretion. In the simplest arrange- 
ment, in which the gland cells are spread out in a flat layer, 
a considerable amount of surface would be required for a 
few cells, and, consequently, but a small amount of secretion 
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could be formed in a limited space. This answers well 
enough on the surface of certain large cavities, such as the 
pericardium, or the lining of the abdominal cavity, the peri- 
toneum. 

But in most cases the amount of secretion is so great that 
it could not be furnished except by a great amount of surface. 
One device by which this increase of surface is obtained is 
by depressing these elements of a gland into a tube, or sac- 
shaped cavity. These tubes or sacs may remain single, as 
the glands in portions of the walls of the stomach or small 
intestine, or at the roots of the hairs, in which case they 
are called simple tubular or simple sacular glands, there being 
no difference between the two except that of shape. 

Compound Glands. — The tubes or sacs in some cases 
become very much branched, until the whole makes a mass 
of considerable size, as in the pancreas or liver. By this 
means the secretory surface is immensely increased. Such is 
known as a compound gland, 

A compound gland may be so complex in structure as to 
be confusing, but it may be easily understood if it is remem- 
bered that it is composed of exactly the same elements as the 
simple gland, with the extremities of these tubes forked, and 
each of these forks again divided, and so on, like the trunk, 
limbs, and minor branches of a tree. The secreting cells are 
at the ends and along the sides of the last branches. Around 
them is a layer of connective tissue and the network of blood 
vessels. 

The gland cells discharge their secretion into the hollow 
space of their tube, which empties into the next. The minut- 
est tubes thus run together to form larger ones; these again 
unite, until at last the secretion is poured into one channel, the 
duct, by which it empties its contents. By the elongation of 
this duct the gland may be situated at some distance from 
the surface where the secretion is needed. 

Each gland opening into the alimentary canal may be con- 
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sidered as an extension of the surface of the internal lining 
of the canal in the direction of the gland, in order greatly to 
increase the secretory surface. This is another example of 
the physiological division of labor, in which a portion of the 
surface of the alimentary canal is withdrawn and set to the 
task of furnishing the digestive liquids, leaving the rest of 
the surface to be devoted wholly to other functions. The 
kinds of glands and their distribution are given with the 
description of the organs where they are found. 

Cause of the Activity of the Gland Cells. — Every gland, 
as is the case with every muscle', is supplied with a nerve whose 
fibers are so distributed as ultimately to reach the gland cells. 
The nervous impulses brought to the gland cells by the nerve 
fibers are the cause of the activity of the cells in the act of 
secretion. The nervous impulses arise in the nerve centers 
(brain and spinal cord) in the manner described in the chap- 
ter on the nervous system. This arrangement puts the glands 
under a control, so that they may secrete the proper amount 
and at the proper time. 

The Mouth. — The mouth has for its roof the hard and soft 
palate; for its floor, mainly the tongue; for walls, the lips in 
front, the cheeks at the sides, and part of the soft palate be- 
hind. The lips form the door that can be opened and closed 
in front; the soft palate, a curtain which may be dropped 
over the opening at the back. Standing out very promi- 
nently in the mouth are the teeth. 

Mucous Lining of the Mouth. — The mucous mem- 
brane of the mouth, like the skin, consists of two layers. 
The outer layer consists of epidermal cells packed closely 
together, with their walls cemented together so that the whole 
presents a pretty firm protecting layer. The lower layer is 
composed of fibers of connective tissue, which serve as the sup- 
port of numerous glands, blood vessels, and nerves. In many 
places the lower layer is raised into minute elevations called 
papilla^ in which is a network of blood vessels and nerves. 
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These papillae are on exactly the same plan as those of 
the skin. In the mouth they vary much in shape, size, and 
function. In the hps the papilla contain touch organs, as 
in the skin on the palm of the hand. Over the surface of 
the tongue are distributed four kinds of papillsE: 

1. Ordinary touch papillse, mostly on its tip, 

2. Fungiform papilla, which are large enough to be seen 

with the naked eye as smooth, bright red dots scat- 
tered over the surface of the tongue. 

3. Conical papilla, which are very numerous, filling in be- 

tween the fungiform papillse, but disappearing to- 
ward the base of the tongue. Over some of the 
conical papillte are developed brush-like coverings, 
the whole giving the tongue a soft, velvety surface. 

4. The large circumvallaie papilla, varying from seven to 

twelve in number. These are on the back part of 
the tongue in a V-shaped row. They are eminences 
of considerable size, standing in depressions. In 
the bottom and sides of these depressions there are 
imbedded in the epidermis numerous flask-shaped 
groups of cells, which are regarded as organs of taste. 
They, as well as all 
other papillae, are 
well supplied with 
nerves 
The teeth are in reality 
greatly developed and curi- 
ously formed pap il lie. 

The Teeth— The teeth 
occur in two sets. The first 
set, twenty in number, the 

temporary teeth, is that of 'W- *'• 

childhood, which is replaced "^vam or the Lowkh Jaw. 

later by the second set, the permanent teeth, thirty-two in 
number. 
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The first set appears at about the time the child is able to 
take solid foods, usually in successive order from the front 
backward. They are gradually replaced by the second set 
in about the same order, in slow succession, as the jaws be- 
come large enough to accommodate them; the last one on 
each side, " the wisdom tooth," appearing about the time the 
body gets its growth. 

Names of the Teeth. — In each jaw the first four teeth 
are the incisors; the next in order, one on each side, the ca- 
nines; the next, two on each side, the bicuspids or premolars^ 
and the last, three on each side, the molars. 

The Dental Formula. — For convenience in making 
comparison of the teeth of man with those of the lower 
animals, a formula is used. The dental formula for man is: 

I.iZli; C.L=:-^; PM. illi; M.l^; 

2 — 2 I — I 2—2 3—3 

in which the numerators show how many of each kind of 
teeth are in each half of the upper jaw, while the denomi- 
nators show the same fdr the lower jaw. For example, the 
dental formula for the cow is: 

^0-00-0 PM.3Z13 M.3Z13. 

z-z i-i 3-3 z-z 

for the horse is: 

I. ?-^^ ; C. ^-—^ ; PM. 2.^^ ; M. ^^^. 
3-3 i-i' Z-Z 3-3 

It would be instructive to compare with your own teeth 
those of other animals that are accessible. Both the number 
and forms of teeth of animals vary greatly, being adapted to 
the many different kinds of food on which they subsist, and 
to very different actions from that of mastication. Indeed, 
the main use of the teeth among most lower animals is not 
for mastication. 

Structure of a Tooth—Three parts are distinguished in 
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a tooth. The part projecting above the gum is the crown) 
the portion surrounded by the margin of the gum is the neckj 
and the portion (single in some, branched in others) which 
extends into the jaw-bone, the root A section through a 
tooth taken lengthwise (Fig. 48) shows it to consist of a hard 
portion surrounding a soft central portion which extends 
through the core of the roots. This is called the "pulp." 
It consists of a network of blood vessels, lymphatic vessels, a 
nerve with its branches, and a certain a 

amount of connective tissue supporting 
these. The vessels and nerves come in 
at the points of the roots. The pulp 
occupies the central portion in Fig. 48. 

The hard part of a tooth consists of 
three kinds of substance : the dentine 
(^), which immediately surrounds the 
pulp and forms the main body of the 
tooth; the enamel (a), which is a plating 
covering the crown portion of the den- 
tine; and the cement {c\ which plates 
the root portion of the dentine. 

The dentine is a very hard substance* 
which the microscope shows to be pene- 
trated by immense numbers of very fine 
tubes, which allow plasma from the 
blood to penetrate it, and also promote the distribution of 
some of the finest of nerve fibers. The ivory of commerce 
is the dentine of the tusks— certain large teeth — of elephants 
and some other animals. 

Enamel is harder than dentine, being the hardest of all the 
body tissues. It is composed of small, rod-like cells, very 
closely packed, and firmly cemented together. 

Cement is of the same substance as bone, and is covered 
with a sort of periosteum, as is the bone. The root of a tooth 
extends into a hollow in the jaw, the lining of which is peri- 




Fig. 48. 

Section of a Tooth. 

a, enamel; </, dentine; r, 
cement. The open space 
in the interior contains the 
pulp in a living tooth. 
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osteum, which is continuous with the periosteum covering the 
root. The fibers of the connective tissue of all these layers 
are interwoven with those of the gum, and by this means the 
tooth is very firmly held in its cavity in the jaw. 

Uses of the Teeth. — The primary use of the teeth in 
man is plainly for dividing and crushing the food. By the 
many methods of grinding, crushing, and otherwise prepar- 
ing the food, together with the processes of cooking which 
civilized peoples use, the work of mastication has become 
very much lessened. By the aid of these methods it is possi- 
ble to get along, although not very well, without any teeth. 
Nevertheless, as they are of very great convenience in masti- 
cation, and invaluable in articulation, they are well worthy of 
great care. 

Care of the Teeth. — The enamel is formed but once, and 
can not be replaced. While it is very hard, still, rough usage, 
such as cracking nuts with the teeth (instead of using a ham- 
mer), is likely to break off portions of it. The dentine, being 
exposed by the removal of the enamel, will begin to decay, 
and it is only a question of time before the loss of the whole 
tooth will follow, if steps are not taken to prevent it. Again, 
without fault of the owner, sometimes deposits of a substance 
commonly called "tartar** may form on the teeth, which may 
either irritate the gums or afford a place for the lodgment of 
particles of food, which, decaying at these points, may finally 
corrode the enamel and expose the dentine, with the above- 
mentioned results. 

The proper use of the tooth-brush and tooth-picks would 
evidently help in this matter, to say nothing of their contri- 
bution to cleanliness, which good breeding demands. But 
with all the care that can be bestowed upon the teeth, cav- 
ities may begin to form and other troubles arise. A small 
cavity may form and grow to a considerable size before the 
owner of the tooth is aware of it. To anticipate all trouble, 
it is a good rule to have the teeth examined twice a year by 
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a competent dentist and put in order if necessary. The rule 
with the dentist is not to destroy a tooth by pulling if it is 
possible to save it by treatment, and this can generally be 
done if he can see it in time. 

The Tongue. — The body of the tongue is made up of 
muscles whose fibers run in various directions. The inner 
extremity is chiefly fastened to the hyoid bone and to the 
front part of the sub-maxillary bone. Many of its muscles 
are wholly within the tongue. 

The tongue is extended by the contraction of its transverse 
and vertical fibers, while the longitudinal fibers are relaxed. 
It is drawn back by reversing these actions. By various com- 
binations of the actions of its muscles it may be moved in 
any number of directions. By coordinating its movements 
with those of the lips and cheeks, one is able to handle very 
skillfully any object in the mouth, even though it be a very 
small one. 

The use of these movements is very obvious in presenting 
the food to the teeth and holding it between the proper ones 
during mastication, and in pushing it into the next passage 
in the act of swallowing. In addition to this function of the 
tongue, it is of great use in articulation and in carrying the 
organs of taste. 

Glands of the Mouth. — The mucous coat of the mouth 
everywhere has imbedded in it numer- 
ous mucous glands. These are com- 
pound tubular glands. They secrete 
mucus in large quantities. Opening 
into the mouth are the ducts of the 
salivary glands. 

Salivary Glands — There are three . 

pairs of salivary glands — the parotid, 
the sublingual, and the submaxillary. Sauvary Gland. 

The parotid gland, the largest of the three, is in the side 
of the face in the space behind the lower jaw and in 
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front of the ear. Its outlet is a duct which opens 
on the inner surface of the cheek near the second 
molar tooth. 
The sublingual gland is the smallest, and is situated in th© 
floor of the mouth just under the mucous membrane 
between the tongue and the gums. It opens by many 
ducts — eight to twenty in number. 
The submaxillary gland is situated near the base of the sub- 
maxillary bone, opposite a small depression in the 
bone. It empties by a duct which reaches the mouth 
just under the free part of the tongue. The salivary 
glands are abundantly supplied with blood vessels 
and nerves. 
The Pharynx. — The pharynx is an irregular cavity im- 
mediately following the mouth, separated from it by the soft 
palate. Its mucous lining is surrounded by muscular walls. 
It receives the openings of seven passages: one from the 
mouth, the two posterior openings of the nostrils, two pas- 
sages to the middle ear (Eustachian tubes), one to the larynx, 
and one to the oesophagus or gullet — the continuation of the 
alimentary canal. Its muscular walls allow it to push the 
food into the oesophagus in swallowing, or to bring it up 
again from this point, if desired. The muscular fibers are 
mostly voluntary. The mucous coat is well furnished with 
mucous glands. 

The CKsophagus or gullet is that part of the alimentary 
canal which connects the pharynx with the stomach. It is 
about nine inches in length, lying just along the spinal col- 
umn in the neck and thoracic region. In the neck it is just 
behind the trachea (wind-pipe). 

It has three coats — the inner or the mucous coat; an outer 
thick muscular coat; and a middle coat of loose connective 
tissue which holds these together. The muscular coat has 
an external layer of fibers running lengthwise, and an inner 
layer of circular fibers. The fibers are mostly involuntary. 
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The walls of the gullet contain great numbers of mucouj 
glands. 

The Stomach.^ust below the diaphragm in the abdom- 
inal cavity the ali- 
mentary canal di- 
lates into a large 
pouch which we 
know as the stom- 
ach. The three 
coats of the ossoph- 
agus mentioned 
above are con- 
tinued in the walls 
of the stomach : 
the mucous coal, the 
loose connective- 
tissue coat, called ''ff- ^^■ 
here the submucous Shction of Stohach and Duodekuw. 
coat, and the muscular coat. Outside of these is added a 
fourth, the peritoneum, which is the membrane that covers 
most of the organs in the abdominal cavity and lines the 
abdominal cavity itself. 

The stomach is somewhat conical in shape, the larger end 
turned toward the left. Its size varies greatly, according to 
the amount of its contents. The opening from the cesopha- 
gus is called the cardiac orifice; the one leading to the intes- 
tine, iht Pyloric orifice. 

Muscular Coat. — The muscular coat consists principally 
of a longitudinal and a circular layer of fibers, with a certain 
amount of oblique fibers. They are of the involuntary vari- 
ety. At the pyloric orifice the circular fibers are greatly 
developed, forming a muscular ring, which can close the 
opening. 

Gastric Glands. — The mucous coat of the stomach is 
crowded full of tubular glands, usually simple, but a few are 



MUCOUS COAT OP THE INTESTINE. 135 

branched. These glands are microscopic, and of about the 
depth of the membrane, and vary somewhat in form and in 
the character of their secretion. The combined secretion of 
all is known as the gastric 
Juice. A very close network 
of blood vessels encloses 
theglands; intermingled with 
these are both lymphatic ves- 
sels and nerve fibers, which 
are distributed to the cells of 
the surface of the stomach 
and the gland cells. 

The Small Intestine. — 
The stomach continues into 
the small intestine, a much 
smaller tube of about twenty 
feet in length. The coats of 
the stomach are continued in 
it, and in the same order. 
The outer coat, the perito- 
neum, does not completely 
surround it, but runs off from 
it to form the mesentery, a 
^' " membrane which so supports 

opTHB Stomuch *'1'^ long tube that it does not 

This shows only the lining cells with- become entangled in any of 
"" ""^ ""^ "^''' '*'• the motions of the body, while 

it lies loosely in the abdominal cavity. 

The mesentery forms a long strip of membrane, the outer 
edge of which is the outer coat of the intestine, the inner edge 
being gathered up and attached to one place and supported 
by the spinal column. Through the mesentery the blood 
vessels and nerves reach the intestines, and by it the vessels 
used in absorption leave it. 

Mucous Coat of the Intestine. — The mucous coat of 
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the small intestine differs from that of the stomach, Arst, in 
having the coat thrown into a great number of transverse 
folds, the valvulm conniventes; second, in bearing on its sur- 
face an immense number of 
little projections, called villi. 
These are so peculiar and 
important in the processes of 
nutrition as to deserve spe- 
cial description, 

A villus is a minute projec- 
tion from one fiftieth to one 
thirtieth of an inch in length, 
either conical or shaped like 
a finger of a glove {Fig. 52). 
Its outer coat consists of a 
single layer of epithelial cells 
resting on a base consisting 
of a delicate network of con- 
nective-tissue fibers. The 
core of the villus consists 
mainly of a network of blood 
capillaries, interlaced with 
another network of vessels 
like the lymphatics, really a ^'S- S'"- 

part of the lymphatic system, Shction of the Addominau Cavity kw 

called here the lacleah. posmoNs and the refleciiohs of 

Besides these there are the peritoneum. 

nerve fibers and a few mus- ,„^n„''£s^ |s'^i,^ad"''i'VKtlfm- /' 

cle fibers, the whole being ^^".^^^^•'^Z^^tj:^^^ 

held together by a frame- meMmtery, andetbeBreatomaituiii. 

work of connective tissue. A villus is essentially an absorbing 
organ, being a device to increase the surface and at the same 
time to bring the absorbing vessels very near the surface. 
The digested food passes through the thin outer coat into 
fhe blood vessels and into the lacteal vessels. 
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The villi are found only in the small intestine, whose wall? 
are entirely covered with them. 

Glands of the Small Intestine. — The mucous coat of 
the small intestine bears numerous glands. In the portion 
of the intestine immediately following the stomach, called 
the duodenum, is a small number of compound tubular 
glands, known as Bruner's glands. Throughout the whole 



A SKKI-ni^GRAMMATlC VlHW OF A SbCTIOH OF HuCOUsCoAT OFTHH SMALL IrrTESnHE, 

sHDniNt Villi with Thstb Blood Vbhbls and Lymphatics. 

of the rest of the small intestine are immense numbers of 
simple tubular glands, packed closely together around the 
base of the villi. They are called the "crypts of Lieber- 
ktlhn." Their secretion is poured into the intestinal tract, 
and is known as the inteslinal juice. 

The Liver.— At a distance of from three to four inches 
below the pyloric orifice, lying side by side, two tubes pour 
their contents into the small intestine. The one is the duct 
from the liver, the other the one from the pa> 
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The liver is the largest gland of the body, weighing from 
fifty to sixty ounces. It is just beneath the diaphragm, the 
largest part being on the right side; a thinner, broad extension 
covers a considerable portion of the stomach on the left side. 
It is held in place mainly by the membranes attaching it to 
the diaphragm. It is an immense compound gland, whose 
secreting cells pour their products, the bile, into a system of 
ducts whose parts finally join with one another and form the 
common bile duct whose opening has just been mentioned. 
Attached to the system of ducts is the gall bladder, which 
acts as a reservoir to retain the bile when it is not discharg- 
ing into the intestine. 

Blood Supply of the Liver. — ^The amount of blood that 
passes through the liver is very great, exceeding that of any 
other organ except the heart and the lungs. The supply is 
from the portal vein (see chapter on Circulation) and from 
the hepatic artery. As the portal vein gathers the blood 
from the spleen, the stomach, and the intestines, all the 
blood that passes through these organs must also pass 
through the liver. The blood passing through the portal 
vein has lost most of its oxygen at the organs just men- 
tioned, and as the hepatic artery comes almost direct from 
the aorta, the liver cells get their oxygen through it. 

These blood vessels, the hepatic artery and the portal vein, 
run side by side and divide and subdivide until they are dis- 
tributed as capillaries surrounding the liver cells. These 
again join together to make a system of veins which ulti- 
mately empties into the inferior vena cava as the hepatic 
vein. This whole system of hepatic veins is imbedded in the 
substance of the liver. 

The Pancreas. — The pancreas, the most important of the 
digestive glands, is a large gland of considerable size lying 
just behind the* stomach against the posterior wall of the 
abdomen. If resembles in appearance and in minute struc- 
ture a salivary gland. Its secretion, known as pancreatic 
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juice^ is carried by the pancreatic duct into the small intes- 
tine which empties by the side of the bile duct. 

The Large Intestine. — The large intestine consists of 
the ccBcum, the coloUy and the rectum. The caecum forms a 
large sac into which the small intestine empties by a kind 
of valve, known as the ileoccBcal valve. At the bottom, the 
caecum extends into a very narrow projection called the 
appendix vermiformis, which in the human body has no func- 
tion, being but a rudiment of what, in many of the lower 
animals, is a greatly developed caecum, as seen in the rabbit 
or the horse. 

The colon has an ascending portion, a transverse portion, 
and a descending portion, which terminates in the rectum. 
The coats of the large intestine are the same as those of the 
stomach and small intestine. The mucous coat has no villi, 
but has great numbers of the crypts of LieberkUhn. 



Directions for Practical Work. 

For the examination of the contents of the abdomen, any small animal 
will answer. A rabbit can generally be obtained, and for that reason is 
described below. The body is best handled when tied by the feet firmly 
to a board. 

The ribs can be felt beneath the skin. The soft part below is the 
region of the abdomen. Slit open the skin along the middle line up to 
the breast-bone. Cut the skin through at right angles to the middle line. 
Separate it from the muscles and pin it to the board. The abdominal 
muscles are now exposed. Note the direction of the fibers. 

Slit open the abdomen, pinning the muscular tissue back. This brings 
to view the parts of the internal organs. See each one in its natural 
position. The apron-like covering is ih^ great omentum. 

Thp thoracic cavity (not yet opened) is bounded in front by the ribs 
and separated from the abdominal cavity by a muscular partition, the dia- 
phragm, which can now be seen. Near it and suspended from it is a 
large, dark-red gland, the liver. Immediately below it, and to the left, 
and partially covered by it, is the stomach. The part of the alimentary 
canal following this is the duodenum; and in a loop which it makes lies 
^<t pancreas^ The large dark vessel which is most conspicuous on open* 
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ing the abdomen is the cacum. Care must be taken not to open it. 
The colon, with its three rows of pouches, lies between its folds. The 
last part, the rectum, may be seen at the posterior end of the colon. 

Now study the separate organs, laying the parts about as may be neces- 
sary. 

The liver consists of several lobes. The gall bladder is on the undei 
side. Note the shape of the stomach and its two openings, one for the 
oesophagiis, and one for the duodenum. The spleen is a small, dark-red 
organ attached to the stomach. Now trace the full course of the intes- 
tines through all their windings. This will show how completely the 
mesentery holds all the parts in place. In it will be found many blood 
vessels. The lining of the walls of the abdominal cavity is iht perito- 
neum. It is reflected off upon the mesentery, and covers the stomach, 
liver, and intestines. 

Open the thoracic cavity and find the oesophagus. Make a ligature 
around it, and likewise one around the rectum. Remove the whole ali- 
mentary canal to a pan with sufiicient water to float the parts, so that 
they may be put easily into any desired position. The mesentery, as well 
as other parts, may be studied to advantage. 

Find the kidneys, one on each side of the spinal column, in the back 
part of the abdominal cavity. 

The tubes running from these to the bladder are the ureters. 

Slit open different portions of the alimentary canal, wash out its con- 
tents. Note the different coats. Note the degree of smoothness of the 
internal surface in the different organs. 

If a rabbit is not to be had, a frog, or a cat, or a rat, or a chicken may 
be used. 

The Thorax. — As in a subsequent chapter the thorax is to be studied, 
it should be examined before this animal is thrown away. The practical 
directions for the examination will be found at the close of that chapter. 



Review Questions. 

1. In what does digestion consist? 

2. What renders the process necessary ? 

3. What, constitutes the digestive system ? 

4. What is tke distribution of the mucous membrane ? 

5. What is the function of the digestive glands ? 

6. What is the plan of a gland ? 
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7. Of what form is the simplest gland ? 

8. Give examples of such secreting surfaces. 

9. What is a simple tubular gland ? 

10. What is a compound gland ? 

11. Describe its structure, and illustrate it with a diagram. 

12. How does a gland illustrate the principle of the divi- 
sion of labor ? 

13. What relation do the glands have to the lining surface 
of the alimentary canal ? 

14. What is the cause of the activity of the gland cells ? 

15. How is their secretion controlled ? 

16. Describe the mouth. 

17. Of what does the mucous layer consist ? 

18. What IS a papilla ? 

19. What kind of papillae are found in the lips ? 

20. What kinds on the tongue ? 

21. Describe each. 

22. In what sets do the teeth occur? 

23. What is the time and order of their occurrence ? 

24. How are the teeth named ? 

25. Give the dental formula for man. 

26. How do the teeth of some of the common animals dif' 
fer from those of man ? 

27. Give the structure of a tooth. Illustrate with a dia 
gram. 

28. What differences exist in the materials of a tooth ? 

29. How is the nutrition of a tooth supplied ? 

30. How is the tooth held in place ? 

31. What are the uses of the teeth ? 

32. What is said in regard to the care of the teeth ? 

33. Give the structure of the tongue. 

34. How is it extended, and how drawn in } • 

35. What are its functions ? 

36. What are the glands of the mouth ? 

37. Give the positions of the salivary glands. 
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38. How does each open into the mouth ? 

39. Give the location of the pharynx. 

40. What passages open into it? 

41. Describe the stomach, giving its position, size, and 
form. 

42. What of its muscular coat ? 

43. Give a description of the gastric gland. 

44. What of the number of these glands ? 

45. What is their secretion? 

46. Give the location and attachments of the small intestine. 

47. What are its coats ? 

48. Describe the mesentery. 

49. Describe in detail a villus. 

50. What is its function ? 

51. What vessels carry away the dissolved food, and how 
does it reach them ? 

52. What are the glands of the small intestine, and where 
are they placed ? 

53. Describe the liver, giving its form, size, attachment, 
and position. 

54. What is its structure ? 

55. How are the secretions carried away, and at what 
point do they empty ? 

56. What is bile ? 

57. Give the uses of the bile. 

58. What is said of its digestive action ? 

59. Through what vessels is the blood supplied to the 
liver ? 

60. How are they distributed to the liver ? 

61. How does the liver get its oxygen ? 

62. Where is the pancreas, and at what point does it pour 
its secretion into the alimentary canal ? 

63. Describe the large intestine. 



CHAPTER XL 

THE PHYSIOLOGY OF THE DIGESTIVE SYSTEM. 

Functions of the Secretions in the Alimentary 
Canal. — From the preceding sections we have seen that the 
secretions which enter the alimentary canal are: 

The mucus, secreted throughout its whole extent; 

The saliva, poured in at the mouth; 

The gastric juice, secreted from the walls of the stomach; 

The bile, poured into the small intestine; 

The pancreatic juice, poured into the small intestine ; and 

The intestinal juice, into the small and large intestine from 
their thin walls. 

Not all of these liquids are digestive in action — that is, have 
the power to render any of the insoluble food substances 
soluble. Some may have other functions as well. 

Uses of Saliva : 

1. Its most important use is to moisten the food so that it 

may be swallowed. 

2. Its next most important use is to allow substances to be 

tasted, since dry substances can not reach the organs 
of taste until they are dissolved. 

3. It, together with the mucus, keeps the lining of the 

mouth and pharynx in a suitable condition for the 
easy movements of their parts in speaking. 

4. The saliva also may exert an important digestive action 

on starches. When kept with starch at the tempera- 
ture of the body it will change it into sugar. This 
change is effected by a substance called ptyaline^ 
which exists in small amount in the saliva. This 

(143) 
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action on the starch is made more rapid if the starch 
has been cooked. 

The starch-digesting power of the saliva is stopped by the 
presence of the acid of the gastric juice in the stomach, which 
in a short time destroys this power altogether. Hence, the 
ptyaline is actively applied to the food but a very short time, 
and can not be a very great factor as a digestive agent. The 
saliva makes no changes in the proteids or fats. 

Gastric Juice. — The name gastric juice is applied to the 
mixed secretion of the glands lining the stomach, which dif- 
fers somewhat in its characteristics when taken from the 
glands in different regions of the stomach. The whole so- 
lution has a marked digestive action on the proteids, which 
consists in changing the insoluble proteids given in the list 
of food substances {q, v.) into a soluble group of proteids 
called peptones. 

The gastric juice also has the power to curdle milk. The 
first action is due to a digestive substance called /^xm, the 
second action to another substance called rennin. Both these 
substances exist in very small amounts in the gastric juice, 
and act only in the presence of an acid. The acid of the gas- 
tric juice is hydrochloric acid, which exists in it in but small 
amount. Gastric juice has no action on starches or fats. 

Pancreatic Juice. — Pancreatic juice rapidly changes 
starch into sugar. 

It changes proteids into peptones. 

It has two distinct actions on fats; one is to emulsify them — 
that is, to reduce them to a very finely divided state, so that 
the minute particles may pass through the cell lining of the 
intestine; the other is to decompose them into two soluble 
substances called glycerine and the fatty acids. Pancreatic 
juice will act only in an alkaline liquid. 

It will thus be seen that the pancreatic juice is the most 
important of the digestive liquids, acting with energy on eacb 
of the organic food groups. 
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The Bile. — The bile is a very complex liquid, a part of it 
being excretions to be gotten rid of, a part of it being a true 
secretion to be made use of in the body. The digestive action 
of the bile is feeble. It emulsifies the fats to a small extent 
It has little if any action on starches or proteids. 

While it has such unimportant digestive actions itself, yet 
it is a valuable aid in certain digestive processes performed 
by other parts. 

1. It has been found that it puts the epithelial lining of 

the intestine in a better condition to absorb the fats. 

2. It acts cs a stimulus to the muscular coating of the in- 

testine. 

3. It makes the contents of the small intestine alkaline, 

thus bringing about the necessary condition for the 
action of the pancreatic juice. 
4i It furnishes a large bulk of liquid, so that the contents 

of the intestine may be moved. along readily. 
5, It is probably an antiseptic — that is, retards the putrefac- 
tive changes the foods would otherwise undergo in 
the intestine. 
Intestinal Juice. — Great difficulties have been in the way 
of obtaining this liquid free from other liquids for the pur- 
pose of investigation. Yet it is believed to have a very slight 
digestive action on each of the food groups, but not vigorous 
enough to be of any importance in this direction. If it has 
any other functions they are not known. 

Bacteria in the Intestine. — Immense numbers of these 
minute organisms thrive in the contents of the alimentary 
canal. Evidently they are usually of kinds that are per- 
fectly harmless. Indeed, it is thought by some physiologists 
that some of them produce important digestive changes in 
the foods. We have no cause to be alarmed at their pres- 
ence. As scientists have not been able to decide whether 
they are plants or animals, we may regard them as plants in 
this position if it best suits our feelings about the matter 
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For further information in regard to bacteria see Chapter 
XXII. 

Movements of the Alimentary Canal. — After the food 
is masticated by the motions of the jaws, lips, cheeks, and 
tongue, it is gathered on the upper surface of the tongue. 
The front part of the tongue is pressed against the roof of 
the mouth, and by a quick motion the mass is thrown into 
the pharynx. In this cavity it is immediately seized by the 
muscular walls, first the upper and then the lower portions, 
and pushed with considerable rapidity into the oesophagus, 
the larynx in the meantime closing by an apparatus called 
the epiglottis, to be described in another chapter. 

In the gullet the circular fibers just before the mass relax, 
and the ones just behind it contract and push it along very 
quickly into the stomach. Liquids and solids receive the 
same treatment. 

In the stomach the fibers of the different coats so contract 
in successive turns as to move the mass of food along one 
side, back along the other, and in various directions, so that 
it is completely mixed with the secretion. The muscular 
ring at the pylorus remains most of the time closed, allowing 
during such a time only liquid portions of food or fine par- 
ticles to pass. At certain times, however, portions of con- 
siderable size may be allowed to pass it. 

In the small intestine the two muscular coats, by constant 
slow motions, pass its contents along to the large intestine, 
where the motions are somewhat the same. The move- 
ments of the stomach and intestines are known as peristaltic 
motions. 

Nervous Control. — Nerves leave the surface of the ali- 
mentary canal at every point to go to nerve centers (see 
Nervous System), to bring sensory impulses from it to the 
centers. From these centers nerves go out again to the 
coats of the canal — one set to the muscles to control their 
motions, another set to the blood vessels to control the sup- 
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ply of blood in its various regions, another set still to the 
gland cells to control their secretions. 

By this means the food and other things affecting the sur- 
face of the canal are made to regulate the flow of blood and 
the making of the secretions to meet the needs of the time 
and place. 

By this nervous apparatus the presence of the food in the 
mouth excites the secretion and flow of the saliva; in the 
oesophagus, the movements of swallowing; in the stomach 
and intestines, the various actions of muscles, glands, and 
blood vessels as it reaches their regions. These are invol- 
untary actions, except for the muscles of the mouth and the 
pharynx. 

Comparison of the Alimentary Canals of Different 
Animals. — The preceding sections, which are but a brief 
survey of the alimentary canal of the human body and the 
functions of its parts, show it to be a very complex system, 
consisting of many different parts, with many different glands 
furnishing many different kinds of secretions. 

In the comparative study of the digestive tracts of animals 
it is possible to arrange a series, from one-celled animals, 
whose single cell accomplishes all this work, ascending next 
to one whose digestive apparatus is a single cavity lined with 
a single layer of cells all alike, by another step to one with a 
little more complexly formed tube, and so on, the cells grad- 
ually dividing up the work, until at last the very complicated 
system as shown in man is reached. In some of the higher 
animals the alimentary canal is even more complex than in 
man, as in the sheep or cow. 

The alimentary canal in each animal must be adapted to 
the kind of food on which it subsists. It is a very interesting 
study to trace in the common animals around us the way in 
which these adaptations are carried out. Of course, to have 
the most perfect examples we should take those in a wild 
state, as in the domestic state^ with a lower animal, as with 
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.nan in a civilized state, the necessity of some of the organs 
is not so imperative. 

Different kinds of fishes, birds, reptiles, and mammals 
would well repay even a superfictaj examination in respect 
to their foods and the methods by which they take the dif- 
ferent kinds of food, and the organs by which they pass it 
through one process after another until digested. 

Absorption. — The food having been digested, the next 
process it undergoes is that of absorption. As long as the 
food is inside the alimentary canal it is not yet, properly 
speaking, in the body. It has not yet passed through any of 
theoutlying cells of the body. 
It can now he traced into the 
blood. It gets into the blood 
by two ways: 

First, it may pass through 
the epithelial lining either of 
the stomach or of the intes- 
tines, and then through the 
walls of the blood capillaries, 
which are abundantly distrib- 
uted even to the very sur- 
face of the walls of these 
organs, and in the core of 
the villi in the small intes- 
tine, and thus into the blood — 
at once. In this case the Fig. S3. 
digested food mingles with a Pobtiow of the Smali, iNTKsrma at. 
the blood, and is carried tachbd to thb Mbsentehv.im which 
along with it through the throuchtheGlandstotiibThohacic 
gastric or mesenteric vein, ^''"■• 

as the case may be, into the portal veins, through the liver. 
mto the hepatic vein, into the vena cava ascending, and then 
to the heart. 

Secondy in the stomach; instead of passing to the blood 
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capillaries, it may pass into the lymphatic capillaries, and in 
the small intestine may pass into the lacteals, which arise 
in the core of the villi by the side of the blood capillaries. 
These run together to form larger and larger vessels in the 
mesentery, until they finally, with the lymphatics from the 
stomach and from the other parts of the body, empty into 
the thoracic duct. The thoracic duct empties into the left 
subclavian vein (see Fig. 53). Here its contents are min- 
gled with the blood which soon comes to the right auricle by 
the vena cava ascending. Consult in this connection the 
diagram given to show the coujrse of the blood in circulation. 

W^here the Different Kinds of Foods are Absorbed.—, 
Whatever is already a liquid or in solution in water may be 
absorbed from the stomach. This may be water, peptones, 
sugar, or salines. No doubt a considerable amount of these 
substances are taken up here. 

But by far the greater amount of the absorption takes 
place from the small intestine. The great length of the pas- 
sage, the valvulae conniventes, and the immense number of 
villi, all unite to make this region preeminently an absorb- 
ing one. 

The peptones, the digested proteids, the sugars, and the 
salines are taken up by the blood vessels. These same sub- 
stances are also taken up to a certain extent by the lacteals, 
but it is only by these last that the emulsified fats are taken 
up at all. 

The emulsified fats which crowd these vessels and the 
thoracic duct after a meal in which fats and oils have been 
taken with the food give them a white color, as if they were 
filled with milk. Absorption of peptones and sugars can also 
occur in the large intestine. 

The indigestible food substances taken with the foods are 
separated from them and left behind, to be pushed along the 
canal, and are accumulated in the large intestine, to be re- 
moved from the body. 
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The Glycogen-producing Function of the Liver.— In 
this connection we may mention the power the liver has of 
producing a substance called glycogen. Glycogen is much 
like starch in its chemical composition, and is sometimes 
termed animal starch. It is thus a carbohydrate. It is 
soluble in water. It is retained in the liver cells, or dis- 
charged by them directly into the blood without making use 
of any ducts. It is probably a storage material, or an ante- 
cedent of one. 

Thus we see the liver has already many known functions: 
the formation of the bile, which is in part an excretion and 
\s\ part a secretion, with several uses, and the formation of 
glycogen. No doubt there are other uses of the liver cells 
to be solved by future investigation. 

The Spleen. — The functions of the spleen are not defi- 
nitely known. Consequently, it is not to be regarded as a 
digestive organ, but since it is associated with them, its de- 
scription may be given here. 

It is a soft body of grayish purple color, located on the 
left side of the abdominal cavity, between the cardiac end of 
the stomach and the diaphragm. It is abundantly supplied 
with blood by the splenic artery, its blood leaving it by the 
splenic vein, which flows into the portal vein. Its vessels are 
very numerous and allow it to become very much distended 
by the blood. It has no duct, and is not of the structure of 
a typical gland. 

The Suprarenal Bodies. — These are two small bodies, 
one being attached to the upper part of each kidney. They 
are well supplied with blood, but have no duct. Their func- 
tions are not known. 

Effects of Alcbhol on the Digestive Organs and 
Processes.— Effects of Alcohol on the Stomach. — The 
effects of strong alcohol on the walls of the stomach are to 
kill the living cells of its tissues, and to coagulate the pro- 
teid contents of these cells. This, of course, destroys the 
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walls, and would produce death. But taken in small 
amounts it has but little apparent effect. Long-continued 
use, however, may interfere with the secretion of the gastric 
juice. It is known that many alcoholic drinks retard diges- 
tion. It is certain that many people suffer serious derange- 
ment of the digestive processes by the continued use of these 
drinks. Excessive use produces very serious results. Alco- 
hol is not digested in the alimentary canal, but is absorbed as 
alcohol from it by the blood vessels, and as such reaches all 
the other organs, on which it acts directly. 

Alcoholic Drinks and the Liver. — We have seen that 
the liver is the largest gland in the body, and that its work 
is very important ; and there is reason to believe that its 
influence on the general nutrition of the body is even greater 
than is indicated by the functions which have been deter- 
mined as belonging to it. Now we have also seen that all 
the blood that passes through the stomach and intestines 
next passes through the liver. Thus the alcohol which is 
absorbed from these organs (most of it probably from the 
stomach) immediately passes to the liver. As a result, the 
liver is greatly affected. The presence of alcohol in this organ 
interferes with the action of both the secreting cells and with 
its blood vessels. These changes d isturb the normal functions 
of the liver. Continued use of alcoholic drinks may produce 
permanent changes in its structure. There are a number of 
serious diseases of the liver that are directly traceable to the 
effects of alcohol on this organ. Naturally, when so large 
and important an organ is disturbed, the body as a whole is 
much influenced, and many maladies have their origin in a 
liver thus affected. (For full discussion of alcohol on the 
system see Chapter XXII., pp. 288-294.) 



Review Questions. 

I. Name the secretions of the alimentary canal and the 
points at which they occur. 
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2. What are the uses of the saliva ? 

3. Which is the most important use ? 

4. In what manner does it act as a digestive agent ? 

5. What is the gastric juice ? 

6. What are its digestive principles ? 

7. What is the action of the gastric juice ? 

8. What are the digestive actions of the pancreatic juice ? 

9. Why is it stated to be the most important digestive 
liquid ? 

0. What is the bile ? 

1. What are its digestive actions ? 

2. What are its other functions ? 

:3. What is the intestinal juice, and what are its functions? 
4. What is said of the bacteria in the alimentary canal ? 
:5. Describe the process of mastication. 
:6. How is the food swallowed ? 
7. What are the motions of the stomach ? 
:8. How are the contents of the intestine moved along ? 
9. How is the alimentary canal connected with the nerve 

centers ? 

20. How are the motions and secretions controlled ? 

21. How is digestion accomplished in one-celled animals ? 

22. What is said of the series between the simplest digest- 
ive apparatus and the most complex ? 

23. Why are the digestive systems among animals so di- 
verse ? 

24. What is the process of absorption, and on what does it 
depend ? 

25. What are the absorbing vessels ? 

26. How does the digested food get into each ? 

27. What is the course from the intestines to the heart of 
the part of the food absorbed by the blood vessels ? 

28. What is the course of that absorbed by the lacteals ? 

29. What may be absorbed from the stomach? What 
from the small intestine ? What from the large intestine ? 
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30. What is glycogen ? 

31. Where is it produced and what are its functions? 

32. What is meant by a " storage material " ? 

33. Describe the spleen and give its position, 

34. What is said of its function ? 

35. What are the suprarenai bodies ? 



CHAPTER XTT. 

THE RESPIRATORY APPARATUS. 

Definition. — The most obvious fact of respiration is the 
bringing of the air into the lungs and expelling it again. In 
ordinary language, by the term respiration these two acts are 
meant. 

It may be recalled that every living cell demands two 
things — food and the gas oxygen ; and that in its activity 
these combine in such a way that certain waste products are 
produced, one of which is always the gas carbon dioxide. It 
has been seen that in the single-celled animals, or in those of 
comparatively few cells, the supply of both food and oxygen, 
coming into direct contact with them, passes into their sub- 
stance. The waste products, among them carbon dioxide, 
pass immediately from them into the surrounding medium, 
water or air. In these single-celled forms, the taking in of 
oxygen and the discharge of the carbon dioxide is respiration. 

It was further shown that in animals of large size with 
many tissues the great majority of the living cells of the 
tissues were buried deep away from the external surface. 
But even in this inaccessible position, living cells have the 
same requirements as elsewhere. The cells in the tissues 
get their supplies of nutrition and oxygen from the blood, 
and discharge their wastes into the same liquid, the blood 
being the medium in which they live. 

Now, the acts of taking in oxygen and discharging carbon 
dioxide by the cells in the tissues is true respiration. This 
act of the cells has been called internal respiration^ to distin- 
(154) 
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guish it from the action of the respiratory organs, the exter^ 
nal respiration. 

General View. — Just as the digestive organs form a de- 
vice to prepare the food for the blood to be carried to the 
tissue cells, so the organs of respiration form a contrivance 
to present oxygen to the blood for the cells and remove the 
carbon dioxide which they have thrown off. 

In the different animals the respiratory apparatus differs 
considerably, but in the majority of cases it consists of a de- 
vice for exposing a great amount of thin-walled tissue, which 
is a modification of the outer coat of the animal, to the air or 
water; and further consists of a means to keep up a current 
of air or water on the outside of the skin and a current of 
blood on the inside. This arrangement provides for as great 
an exchange of the two gases, oxygen and carbon dioxide, 
between the blood on the one side and the air or water on 
the other side, as may be needed for the activity of the animal. 

In the common earthworm the whole outside skin is such 
a surface. In insects the sides of the body have many small 
openings (spiracles) which lead to minute tubes penetrating 
every part of the body. By motions of the body the air is 
made to flow through these spiracles and tubes. In fishes 
the well-known gills accomplish the same purpose. In frogs 
the lungs consist of two simple sacs at the end of a tube, 
which is a branch of the alimentary canal. The animal 
swallows the air into the lungs. Its thin, moist skin is also 
an organ of respiration. 

Turtles, also, make use of lungs, but the inner surface of 
their lungs is greatly increased by many divisions of the sacs. 
In birds the lungs are very much more complex, presenting 
an immense amount of surface to the air. They have also a 
special muscular apparatus for allowing the air to come into 
and forcing it out of the lungs. 

In man and other mammals the lungs are still more highly 
developecj. It has be^n estimated that by the gontioually 
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finer and finer division of the great air sacs, a pair of 
human lungs presents a surface of sixty square feet to the 
air. The diaphragm and other special muscles cause quite 
a rapid change of the air to and from this immense surface. 
The Respiratory Apparatus. — In the human body the 
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Larynx, Tkachea, Brohcmi, ahij Bkjkcmml Tusbs. 

respiratory apparatus consists of a series of passages trav. 
ersed by the air, which terminate in two very complex sacs, 
projecting freely into the cavity of the thorax. The pas- 
sages traversed by the air, in order from without to the lungs, 
are: nostrils and mouth, pharynx, larynx, trachea, bronchi, 
bronchial tubes, finer air passages, and, last of all, the air 
vesicles. These ultimate divisions of the air passages are 
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minute sacs clustered around the last divisions of the air 
tubes. They exactly correspond to the last divisions of a 
gland. Indeed, the lungs are to be regarded as large glands, 
in which the cells of the minute air sacs take the place of 
the secreting cells. 

These air sacs, or vesides, as they are called, are about 
one hundredth of an inch in diameter. Each is composed 
of a lining of very flat, thin cells, rest- 
ing on a delicate, connective-tissue sup- 
port which is very elastic. Immediately 
next to this support, and very close to 
the lining cells, is a close network of 
capillary blood vessels. These capilla- 
ries bridge over the space between the 
pulmonary arteries and the pulmonary 
veins. Each air vesicle is well envel- 
oped by a network of blood vessels, and 
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Function of the Air Vesicle.— The air vesicle is an ar- 
rangement to bring the blood as close to the air as possible. 
In it the blood is separated from the air only by exceedingly 
thin membranes, which allow the very ready passage of car- 
bon dioxide, oxygen, and the vapor of water. 

The Bronchioles.- — The air vesicles, or alveoli, are clus- 
tered together, and opening into a common passage, soon 
form the smallest definite tubes in the lungs, called the 5/-t>«- 
chioles, the smallest bronchi, or smallest bronchial tubes. 

The Bronchial Tubes. — The bronchioles run together, 
making larger and larger tubes (Fig. 54). All those of one 
lung empty into one large tube. This large tube is called a 
bronchus; the smaller divisions, the bronchial tubes. 

The Trachea and Larynx The two bronchi, one from 
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each lung, unite to form the trachea or windpipe. This is a 
large tube in the neck, easily located under the skin. It lies 

just in front of the cesophagus. On the top of the trachea is 
Axed the larynx, the organ of voice, a passage connecting the 
trachea with the pharynx. 

Structure of the Trachea and Bronchi— The trachea, 
and its two branches, the bronchi, are the same in structure. 
In the trachea the walls of the tube are supported by a series 
of C-shaped rings, the opening of the C being turned toward 
the oesophagus. In the bronchi the rings are continued, and 
they are found in all the smaller divisions of the bronchi as 
far as the bronchioles. These cartilaginous rings thus form 
an elastic framework, which supports the other parts, and are 
for the obvious purpose of keeping the passage freely open. 

The rings are held in place by strong connective tissue, in 
which they may be considered imbedded. Resting upon the 
rings and connective tissue are the other layers of the mu- 
cous lining of the trachea, bronchi, and air passages. This 
consists, first of all, on the inner surface, of a layer of cili- 
ated epithelial cells. 

These form a layer of closely packed columnar cells, the free 

fends of which are covered with a num- 
ber of very fine projections like the 
hairs on a brush {Fig. 56). During 
life these keep up a vibrating motion, 
rapid and strong toward the pharynx, 
slow and feeble toward the bottom of 
the lungs. The effect of the combined 
'*■ * action of all these fields of waving cilia, 

ClUATED Epithelium from i . i i ■ i i. - r ..i 

THR L1HINC ofthbTra- which the whole Iming of the air pas- 
c«=*. sages presents, is to drive out the 

mucus, of which there is an abundance, along with particles 
of dust, brought in by the air, which may adhere to it. By 
this means the air passages are swept clean of what in time 
would surely cicse them. 
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Blood Supply to the Lungs. — As we have seen in the 
chapter on Circulation, the pulmonary artery leaves the right 
ventricle. It soon divides into two large branches, each 
turning toward one of the lungs. These subdivide, and 
an artery follows each bronchial tube down into the sub- 
stance of the lungs, the minutest divisions ending in the cap- 
illaries which surround the air vesicles, as we have seen. 

From the capillaries the blood is gathered into the veins, 
which run back toward the heart, side by side with the arter- 
ies and air passages, until near the heart, where they empty 
by two pairs of veins, one on each side of the left auricle. 
The lungs also receive a supply of blood from the arteries 
of the systemic system, whose subdivisions are distributed to 
the trachea, bronchi, air tubes, and to the substance of the 
lung itself. 

Pleura. — The lungs are suspended in the thorax ; they 
are covered with a membrane of connective tissue called the 
pleura. This is a very elastic membrane of connective tissue. 
It is reflected from the lungs to the sides of the thorax, over 
the diaphragm, and up to the lungs again. The portion of 
the pleura on the lungs lies against the pleura on the walls of 
the chest. Between them is secreted a liquid which reduces 
their friction to a minimum. 

A thin partition divides the right half of the thorax from 
the left, thus providing each lung with a separate chamber. 
The arrangement of the pleura causes each lung to hang 
in a cavity which has no connection, except by microsco- 
pic pores, with any other. Of course, it is air-tight. The 
heart being above the diaphragm, the lungs are shaped to fit 
over it. 

The Thorax. — The cavity called the thorax is the upper 
part of the body cavity partitioned off from the other portion, 
the abdomen, by the diaphragm. Thus the diaphragm forms 
the floor of the thorax. The diaphragm is a dome-shaped 
sheet of muscle, convex upward. Its rim is attached to the 
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body walls ; its central portion thins away and has its mus- 
cular part replaced by a sheet of connective tissue called the 
central tendon of the diaphragm. 
The diaphragm is held in its dome-shaped form by the 
contents of the abdominal 
cavity below pressing up 
against it. It is supplied 
with a pair of large nerves, 
the phrenic nerves, through 
which it receives the im- 
pulses that throw it into 
action. The diaphragm is 
pierced by the cesophagus, 
the aorta, and the vena cava 
ascending. The walls of the 
thorax form a cone (Fig. 57). 
These walls are supported 
f^'S- 5?- behind by the dorsal ver- 

Thk Fi«mbwo«( of thh thoraji. tebrfe, by the libs at the 
sides, and in front by the ribs, their cartilages, and the 
sternum. 

Respiratory Muscles of the Thorax — A very large 
number of muscles may be brought into action in forced 
breathing. The principal ones in ordinary respiration are 
those which move the ribs, including a group of muscles 
running from the posterior portion of the ribs to the verte- 
brie above, called the elevators of the ribs; the oblique bands 
of muscles in two sets between the ribs, the intercostal mus- 
cles, external and internal, and certain muscles of the back, 
the neck, and the head. Besides these, connected with the 
chest, the abdominal muscles, located in the front and lat- 
eral walls of the abdomen, are extremely important. 

Inspiration,— That portion of the act of respiration which 
is occupied in bringing the air into the lungs is called inspi- 
ration. This is the enlarging of the cavity of the chest If 
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the thoracic cavity is enlarged, the pressure of the air trans- 
mitted to the lungs through the air passages will expand the 
elastic walls of the lungs to follow the retreating walls of the 
thorax. It is the pressure of the air which expands the lungs, 
and not the expansion of the lungs which " draws the air " 
into them. The pulling away of the walls of the thorax from 
their surface takes away the support to this pressure of the 
air, which is about fifteen pounds to the square inch, and 
allows it to expand them and thus fill them, which is the ob- 
ject of the whole action. 



rig. 58. Fig. 59. 

Sectiom of Thoux Section or Thorax 

IN iNSHHATIOM. IH ExfiaATIOB. 

Enlargement of the Thorax, — The thorax is enlarged 
in two ways : 

ist. By the contraction of the diaphragm. The dia- 
phragm being arched upward, in contracting tends 
to straighten, pushing the contents of the abdomi- 
nal cavity before it, and thus it pulls away from the 
lungs by lowering the floor of the thorax. The 
lungs follow it closely. 

^d. By the action mainly of the elevators of the ribs and 
the external intercostal muscles. The ribs, being 
tigid bars curved downward and outward, and at- 
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tached at each end to solid supports, will plainly 

be thrown outward when they are elevated by this 

action. 

While it is easy to understand how muscles attached to the 

ribs and to the vertebrae above them can, by contracting, lift 

them, it is not so plain how muscles 
between them may, by contracting, 
do the same. But it can be made 
clear by studying the effect of short- 
ening first the line BC^ then the line 
AD^ in Fig. 60, representing a frame- 
work of two rigid rods, AB and CD^ 
held apart by two others, AC and 
BZ>, making a parallelogram, the 
Fig, 60. corners having pivots allowing free 

Diagram to show the Action mOtion. If the figure IS held SO that 
OP THE Intercostal Muscles. y, ,> • • i « » • 

BD IS vertical, B being uppermost, 
then shortening BC will elevate the rods AB and CBj 
shortening AD will depress them. The action of the exter- 
nal intercostal muscles is the shortening of BC^ while the 
action of the internal intercostals is the shortening of AD, 

The above description applies to an ordinary inspiration, 
but if one will observe his own action during a forced inspi- 
ration he will see that the muscles of the shoulders, breast, 
neck, larynx, pharynx, and face are brought into action. 

Expiration, — In expiration the floor of the chest, the dia- 
phragm, is elevated, while the walls are brought nearer to- 
gether by depressing the ribs. The diaphragm being but a 
flexible sheet, while it can depress itself by shortening, evi- 
dently can not elevate itself by relaxing. It is forcibly 
pushed up by the contraction of the muscles in the walls of 
the abdomen, thus pressing on the contents of the abdomen, 
which can not give way in any other direction so readily as 
in that of the diaphragm. The ribs are depressed in ordinary 
respiration by the weight of the chest and the pull of the 
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walls of the abdomen below, and by the elasticity of the 
cartilages which unite the ribs to the sternum. When the 
ribs are elevated these cartilages are slightly twisted, and 
their elasticity tends to throw the ribs down again. 

During forcible expiration the internal intercostals con- 
tract — AD in Fig. 60 — ^and thus depress the ribs. Other 
muscles of the trunk may be brought into play. But even in 
forcible expiration the main force relied on is the contraction 
of the abdominal muscles, the effect of which, in elevating 
the diaphragm, is increased by throwing the body forward. 

Brief Statement of the Respiratory Movements. — In 
ordinary breathing, the diaphragm, contracting, lowers the 
floor of the thoracic cavity; the external intercostals raise 
the ribs and extend its walls. The pressure of the air drives 
the walls of the lungs after these retreating walls, thus in- 
creasing the amount of air in the lungs. These acts con- 
stitute inspiration. 

Immediately following this, the abdominal muscles con- 
tract and force the contents of the abdomen against the 
diaphragm, which elevates it against the lungs. The carti- 
lages of the ribs, together with the weight of the ribs and 
the other things attached to them, depress them, which ac- 
tion compresses the lungs. This is expiration. 

In forcible breathing many other muscles aid in these two 
movements. 

Nervous Control of the Respiratory Apparatus. — 
Nerves of Respiration. — Nerves are distributed to the mu- 
cous lining of the whole of the air passages which connect 
them with the medulla oblongata, a part of the brain. Other 
nerves go to the muscles of the larynx. The phrenic nerve 
passes from the spinal cord to the muscular fibers of the 
diaphragm. One set of nerves goes to the external intercos- 
tals, another set to the internal intercostals, another set to 
the abdominal muscles, all from the spinal cord, which con- 
nect the nerves with the medulla. The medulla, by means 
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of nerve fibers, is also connected with the remainder of the 
body. (See Nervous System.) That portion of the medulla 
to which fibers from the lungs come is called the respira^ 
tory center. It is the point from which the nervous impulses 
are sent out that make the respiratory muscles contract. 

This nervous center is usually stimulated by the blood that 
circulates through it. If the blood has a small amount of 
oxygen, the effect on the nerve-center in the medulla is to 
cause it to send out impulses which increase the respiratory 
acts. If it contains a great amount of oxygen, the stimuli 
are less in strength. 

Thus it comes about that relative amounts of carbon diox- 
ide and oxygen in the blood fresh from the lungs is the 
means of regulating the machinery which has for its object 
the exchange of these gases of the blood. If from any cause 
the oxygen supply is cut off — for example, by choking— the 
blood passing through the respiratory center is not oxygen- 
ated. It in consequence causes more and more powerful 
stimuli to be sent out, until every muscle in any way con- 
nected with the action of respiration is brought into play, 
even very forcibly, producing gasping, strangling, and other 
convulsive movements whose purpose is to increase respira- 
tion. 

The respiratory center may also be thrown into action by 
stimuli which come to it from the lining of some part of the 
air passages. For example, if a small object is lodged in the 
larynx, it stimulates the endings of the nerves in the mucous 
lining of that organ. The nerve (Fig. 6i) carries the im- 
pulses to the center and causes it to send out the impulses 
that go to the muscles which produce a cough. 

Stimuli from other sources coming to the respiratory cen- 
ter, such as a draught of cold air on the skin, may produce a 
sneeze. 

Stimuli arising from the upper part of the brain will pro- 
duce either sighing, crying, or laughing — all respiratory acts. 



EXPLANATION OF THE DIAGRAM IN FIG. 61. '^S 

Impulses from the other parts of the brain, sent to the 
respiratory center as voluntary impulses, make it act under 
the direction of the will, as in talking or singing. 

The respiratory center is thus a very delicately adjusted 
one, influenced by even slight changes in any other part of 
the body. Through it the complicated respiratory mechan- 
isms are constantly nicely adjusted to the ever changing 
conditions of the body. It is one of the most important 
nervous centers. An injury to it suddenly stops the respi- 
ratory action, causing immediate death. 

Explanation of the Diagram in Fig. 61 The trachea 

and lungs are shown in 

outline. To the right is 
the outline of the brain 
and spinal cord, show- 
ing the respiratory cen- 
ter in the medulla ob- 
longata. 

The lines connecting 
this with the respiratory 
apparatus represent the 
nerves, on which arrows 
are placed to show the 
direction of the nervous 
impulses. Some go to 
the center, some come 
from the center to the 
muscles of the larynx, 
to the diaphragm D, to pjg gf 

the abdominal muscles 
AB, and others to the rhspihatorv apparatus. 

intercostal muscles, /ni. The e^planali™ is given id the ten. Modified 

A Study of the diagram *"" ^"■1°''""' s^Sing. 

in connection with the preceding sections will make clearer the 

method of the nervous control of the respiratory apparatus. 
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Number of Respirations. — The rate of the respirations 
in man is about eighteen per minute in the adult. The num- 
ber varies with the age, those of a child less than a year old 
being about forty-four per minute; from fifteen to twenty 
years about twenty per minute. The rate varies much also 
with the activity of the body. In different animals the rate 
varies greatly, from once a minute in the hippopotamus, to 
two hundred and ten per minute in the rat. The student 
may easily study the different rates under the various condi- 
tions of the human body, and in many of the common animals. 



Directions for Practical Work. 

The thorax of a rabbit will answer well for examination. First remove 
the skin and examine the arrangement of the ribs, the cartilages, and 
the sternum. 

Note how the intercostal muscles are placed. Depress and elevate 
the ribs and note their motion. 

From the abdominal side examine the diaphragm, its shape, its central 
tendon, and muscular sides. 

Open one side of the chest and note that immediately the lung col- 
lapses. 

Note the partition between the two sides of the thorax, each occupied 
by a lung. 

Examine the relations of the heart to the lungs. Observe the manner 
by which the diaphragm may be moved by its own contraction, and by the 
action of the abdominal muscles. 

While the lungs are still in place, trace out the trachea and larynx in the 
neck. Study the structure of each, making note of the cartilaginous 
rings and their action. 

Introduce a tube into the trachea arid inflate the lungs while still in the 
chest. Note all their connections, appearance, and properties. 

Remove the trachea and lungs, and trace out carefully, as far as pos- 
sible, the bronchi and their branches. 

Study the pleura and its distribution. The pair of nerves going to the 
diaphragm may be seen as white threads running along on each side of 
the membranes which enclose the oesophagus and blood vessels. They, 
are the phrenic nerves. 

While it is better to study the lungs in connection with the thorax, still 
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if such material is not at hand, the lungs of a calf, pig, or sheep, obtained 
from the butcher, is excellent material for illustration. It may be treated 
in the same manner as given for the rabbit. 

The action of cilia may be studied in a frog's mouth. If the mouth of 
a live frog is held open, and a very small object, smaller than a pin-head 
— a piece of paper or cork — be moistened and placed on the roof of the 
mouthy it will be carried slowly down into the oesophagus. The motion 
here is the reverse of that in the human trachea. 

If the roof of the frog's mouth be gently scraped with a knife-blade, 
and the scraping be mounted in water and examined under a good micro- 
scope, the cilia of some of the cells may be seen in motion. They do 
not live long thus removed, and must be examined quickly. 

The motion and rate of respiration in one's own body should be 
observed very carefully, with a view to determine the position of the 
muscles in action, and the effects of different conditions, such as running, 
standing, etc. 



Review Questions. 

1. What is usually meant by the term respiration ? 

2. What do the living cells demand and produce ? 

3. Explain the act of respiration of a single- or few* 
celled animal. 

4. What is true respiration ? 

5. What is the difference between internal and external 
respiration ? 

6. Of what does the respiratory apparatus consist } 

7. Explain how the respiratory apparatus differs in differ* 
ent animals. Give examples. 

8. What amount of surface is presented to the air by the 
lungs of human beings ? 

9. How can so much surface be presented in such small 
space ? 

10. Name the air passages to the lungs. 

11. Describe an air sac or vesicle. 

12. What is its relation to the blood vessels.? 

13. What is its function ? 
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14. What are bronchioles ? 

15. Describe the trachea and larynx. 

16. What is the structure of the trachea ? 

17. What is the use of the cartilaginous rings ? 

18. In what way are the air passages kept free from im- 
purities ? 

19. How is blood supplied to the lungs ? 

20. What is the pleura ? 

21. Describe the thorax, giving its framework and the 
structure of its walls. 

22. How is the diaphragm moved up, and how down ? 

23. What nerves supply the diaphragm, and what is their 
function ? 

24. By what is the diaphragm pierced ? 

25. Name and describe the muscles of the thorax used in 
breathing. 

26. Describe the actions by which air is brought into the 
lungs. 

27. Illustrate them by diagram. 

28. What other muscles are used in forced inspiration ? 

29. How are the movements of respiration controlled ? 

30. Describe the action of expiration, giving the action of 
the muscles used. 

31. Give a brief statement of the respiratory movements. 

32. What IS the respiratory center, and how is it stimu- 
lated ? 

33. What is the effect if the supply of air is cut off ? 

34. What other stimuli may throw the respiratory center 
into action ? 

35. Illustrate these relations by a diagram. 

36. What is the rate of respiration in man ? 

37 How does it compare with that of the lower animals ? 



CHAPTER XIIL 

CHANGES IN THE AIR IN RESPIRATION -VENTILA- 
TION. 

Quantity of Air Breathed. — The amount of the air 
which is expelled from the lungs can easily be measured. It 
is found that an average of twenty cubic inches, about two 
thirds of a pint, is thrown out at each expiration, and taken 
in at each inspiration. This has been called the tidal air. 

When a special effort is made, much more air can be 
expelled or taken in, but the lungs can not be completely 
exhausted. There always remain from one hundred to one 
hundred and thirty cubic inches, or about half a gallon. 
This is called the residual air. 

Usually after an ordinary expiration at least two hundred 
cubic inches of air remains in the lungs. This, less the resid- 
ual air, is called the reserve air. 

The sura of the tidal, reserve, and residual air gives the 
volume of the lungs as two hundred and thirty cubic inches, 
or about one gallon. These numbers will be of value in 
estimating the amount of air required by the body. In 
active exercise part of the reserve air is added to the tidal 
air, the amount being according to the degree of activity. 

Composition of the Air. — The air is a mixture, not a 
definite compound, of four gases, oxygen (O), nitrogen 
(N), carbonic dioxide (CO,), and the vapor of water (HgO). 
Out-of-doors the first three are very nearly constant in pro- 
portion, while the vapor of water varies greatly. When it 
is less in amount, we have a dry atmosphere; when greater, 
a moist atmosphere. Chemists can easily separate each of 

(169) 
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these gases from the air, and by doing so have shown the 
composition of air to be as represented in the following table: 

By weight. By volume. 

( Oxygen ..... 23 parts. 20.96 parts. 

In dry air, -j Nitrogen 77 *' 7902 " 

( Carbon dioxide • . , very small, .0310.034. 

Diffusion of Gases in the Lungs. — If we should take 
any air-tight sac which opened externally by a tube, and 
should cause a certain amount of air to be expelled from it 
by pressing on its sides, it would be obvious that with slight 
pressure only the air immediately at the top of the sac next to 
the tube would be expelled. On slightly distending the sac, 
but a small amount would re-enter at the top to replace what 
had just been expelled. This is the case with the lungs, and 
it might seem impossible to get oxygen to the air vesicles 
and carbon dioxide away from them by such an apparatus. 
But these respiratory actions are supplemented by a property 
of gases known as that of diffusion. 

Whenever two or more gases are placed in contact, each 
has the power to diffuse itself through the others. This 
they will do without regard to their relative weights or the 
relative quantities of each. To illustrate more fully, we may 
contrast this action with that of some liquids. 

If mercury, water, and oil were so placed in a vessel that 
the mercury should be at the bottom, the water next above 
it, with the oil forming a layer on top, these three liquids 
would remain in the same positions an indefinite length of 
time. But if carbonic dioxide, oxygen, and nitrogen were 
placed so that the heaviest, carbon dioxide, should be at 
the bottom, oxygen next, and nitrogen at the top, no matter 
how carefully they were kept free from currents, still they 
would completely diffuse themselves through each other until 
every part of the jar would contain its proportional amount 
of each of these gases. This property of gases, by which 
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they are able to penetrate each other, is known as diffusion 
of gases. 

This property comes from the tendency that gases have 
of occupying all the space at their disposal, and they find 
other gases so thin that they offer no resistance to this 
tendency. 

As just stated, the relative quantity of the gases makes no 
difference in this action. If only a pint of carbon dioxide 
were placed in the corner of a large hall, it would, in time, 
become equally distributed throughout the whole hall. The 
apparent contradiction to this statement offered by the fact 
that sometimes, in wells, caves, or mines, accumulations of 
carbon dioxide or of other gases occur, is explained by the 
fact that in such cases there is a constant supply of the gases 
greater than the amount removed by diffusion. 

If the gases acted like liquids in this matter, of course 
every quiet well, mine, and low place on the surface of the 
earth would fill up with carbon dioxide, over which layers of 
oxygen might form, and this arrangement be disturbed only 
by currents of air. As it is, the gases which constitute the 
air, with the exception of water-vapor, are about equally dis- 
tributed over the whole globe. 

Action of Diffusion of Gases in the Lungs. — With the 
property of diffusion in mind, it may be seen that if carbon 
dioxide or carbonic acid gas, in the residual air of the lungs, 
is of greater quantity, it will readily diffuse into the reserve 
air just above, and from this, in turn, to the tidal air, and 
while in this it will be expelled from the lungs by expiration. 
On the other hand, by an inspiration, the next installment of 
tidal air comes into the trachea and bronchi and bronchial 
tubes. The oxygen in it being greater in amount than in 
the reserve air, diffuses into it, and from it, into the residual 
air. By the same laws, the vapor of water passes from the 
depths of the lungs out. Thus, the respiratory acts drive 
out small quantities of air from the upper portions of the ail 
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cavities and replace them with air from without, and the 
property of diffusion completes the transfer to and from the 
air vesicles. 

Interchange of the Gases between the Blood and 
the Air Vesicles. — The law of diffusion just described acts 
also at the walls between the blood and the air; but that the 
blood may take up and hold firmly a sufficient quantity of 
oxygen, or discharge a sufficient quantity of carbon dioxide, 
certain chemical processes occur in addition to the act of 
diffusion. The indefiniteness of our knowledge of what all 
these changes are prevents a full statement of them. 

But one thing is very clearly proved, and that is that the 
coloring matter of the red corpuscles, the haemoglobin, under 
the conditions of the blood in the lungs— that is, lack of oxygen 
and abundance of carbon dioxide — combines with large quan- 
tities of oxygen obtained from the air and holds it until it 
is carried to the tissues, where the above conditions are re- 
versed, and it gives up its oxygen. Thus the red blood cor- 
puscles are the oxygen carriers. They may possibly act also 
as carriers of carbon dioxide on their return. At any rate, 
either they or other chemical substances in the blood, or both, 
help to remove carbon dioxide from the tissues and discharge 
it at the lungs. The water passes out of the blood by diffusion. 

Amounts of Carbon Dioxide discharged and 
Oxygen taken up. — The amount of carbon dioxide expired 
in twenty-four hours will vary with the amount produced by 
the activity of the tissue cells, and this may be within a great 
range. If one is at rest and suddenly engages in violent ac- 
tivity, the amount of carbon dioxide is immensely increased. 
The amount of oxygen taken in will vary also with this 
activity. The comparison of the body to the engine may 
be recalled. The greater the heat or motion produced, the 
larger will be the amount of carbon dioxide produced, and 
the larger will be the amount of air containing oxygen 
required 



EXPIRED AIR. 173 

In the human adult body an average of about 2. 2 pounds 
of carbon dioxide is thrown off, and about 1.6 pounds of 
oxygen is taken up in twenty-four hours. In a child the 
amounts are twice as great as in the adult in proportion to 
their relative sizes. 

Necessity of Ventilation. — The body has the power of 
storing up food to a considerable extent, so that it may pass 
days without taking any. It has less power of storing up 
water, and still less of storing up oxygen. This is, no doubt, 
because air is so abundant, being constantly about us. There 
being no need of a contrivance for storing what is ever at 
hand, no such contrivance has come to the body. 

If we continually lived out-of-doors, as was probably the 
case with our primitive ancestors, no inconvenience might 
be felt. But living and working in the confined space of 
houses, we are constantly in danger of placing the body in 
air greatly changed in the relative amounts of its gases from 
that to which the body is adapted. 

Any change which will affect the relative amount of oxygen 
must be considered as injurious, even to its being fatal, if the 
change is a great one. Our ordinary respiratory processes 
are just sufficient to supply us with the required amount of 
oxygen when the proportions are as given in the table in 
the first part of this chapter. Now, if any part of this nor- 
mal amount of oxygen is either removed or diluted by the 
addition of any other gas, even a harmless one in itself, the 
air so changed is unfit to breathe in proportion to the amount 
of the change. 

Expired Air. — It has been stated in a former section that 
at each expiration about twenty cubic inches — about two 
thirds of a pint — of air is thrown out. This air contains a 
large amount of carbon dioxide, considerable water vapor, 
and certain organic substances, the exact nature of which 
is not known. This air is lacking in oxygen. The small 
amount of organic substances seems to be especially injuri- 
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ous if breathed again. Carbon dioxide itself is not a poison, 
but acts by its presence to dilute the oxygen. The organic 
substances are so small in amount that they can not be 
weighed. Their presence is known by such effects as drow- 
siness and headache, and by their giving to the air an un- 
pleasant odor. Since their amounts increase as the carbon 
dioxide increases, and this last is measurable, its amount is 
used to indicate the amount of the poisonous gases present. 

Let us follow a calculation that has been made to give a 
basis for the ventilation of rooms. At each expiration twenty 
cubic inches of air is thrown out. In one hour the lungs 
exhale 20 x t8 x 60 = 21600 cubic inches, which is about 
twelve cubic feet. One cubic foot of ordinary air contains 
about .0005 of a cubic foot of carbon dioxide. When a 
cubic foot of air contains more than .0007 of a cubic foot of 
carbon dioxide it is unfit tO breathe, not from the carbon 
dioxide, but from the amount of the other substances which 
have been found to accompany it. 

In one hour the lungs throw off about .6 of a cubic foot of 
carbon dioxide. This .6 will bring the carbon dioxide of 
3000 cubic feet of air to the danger line of .0007 cubic feet 
of carbon dioxide to one foot of air. In other words, an adult 
will make 3000 cubic feet of air unfit to breathe every hour. 

From this it will be seen that six persons will render the 
air of an unventilated room, 30 x 40 x 15 feet, unfit to breathe 
in one hour. Twelve would accomplish this in half an hour. 
Let the reader apply this calculation to the rooms in which 
he works and sleeps, and from it he can determine how long 
the air in such rooms will suffice for those who occupy them. 

We have been discussing only those substances which are 
thrown off by the lungs, but, as we shall see in more detail 
in another section, the skin adds greatly both to the carbon 
dioxide and the organic substances. Consequently, the above 
calculations give smaller numbers than should really be out 
guides in the matter of ventilation. 
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It is plain from what precedes that a few persons could 
exist a considerable length of time in a very large closed 
space without danger, or that a number of persons could 
exist in a small space provided the air were changed often 
enough. In either case the conditions should be in accord- 
ance with the figures given above. If any deviation is to be 
made from them, it should be in allowing more air instead 
of less. 

It should not be forgotten that to maintain health it is ab- 
solutely necessary to have the requisite amount of oxygen and 
the air free from poisonous gases. No other thing can make 
up for changes in these respects. It is generally recognized 
that the sick-room should be well ventilated, but an active, 
healthy person uses more oxygen and produces more carbon 
dioxide, and hence should have at least a room as well ven- 
tilated. 

Notes on Ventilation. — The ventilation of a room is the 
removal and replacement of the air in it. This is accom- 
plished in various ways, by windows, doors, special ventilat- 
ing shafts, etc. Ventilation can easily be accomplished by 
one who will remember that hot air is lighter than cold air, 
and will, in consequence, rise, causing currents. He can ar- 
range, then, the openings of the room in such a way that 
these currents may be made to bring air into the room and 
carry it out. 

When a room is heated by some radiating surface, such as 
a stove, steam or water pipes, or by the hot coals in a grate, 
it is evident that the air entering the room will be cold, while 
that which escapes will be warm. This will necessitate a 
considerable loss of heat, together with a greater or less 
amount of cold draughts. The best arrangement will be that 
which will introduce the cold air as near the heating surface 
as possible, and cause the warm to circulate through the room 
to the greatest extent. Every room has its own peculiarities, 
and needs especial attention to secure its ventilation. 
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Heating by means of hot-air furnaces offers the most per- 
fect system of heating with ventilation, as by its means the 
room can only be warmed by the introduction of fresh air 
and driving out the old air. As in it the air introduced is 
the warmer, and that removed is the colder, a different ar- 
rangement of the ventilating openings must be made from 
that in use with heating from radiating surfaces. If an aper- 
ture near the ceiling of the room heated by a furnace is left 
open, the pure warm air rises from the register and escapes, 
leaving the less pure and colder air in the room, thus wast- 
ing both heat and good air. 

There is a popular notion that warm air is bad, while cold 
air is always good. This is a great mistake, for the tem- 
perature of the air has nothing at all to do with its purity. 
The most impure air may be very cold, while the purest air 
may be very warm. 

Foreign Substances in the Air. — There are many 
poisonous gases which, on being introduced into the air in 
the lungs, may be absorbed into the blood and have very 
deleterious effects on the living cells of the various tissues. 
Many of these are only met with in the manufacture or hand- 
ling of chemicals. Other gases rise from cesspools and sew- 
ers, which have been shown to be very dangerous. These 
should not be allowed to come into the neighborhood of 
living-rooms. 

In all the air in our dwellings there is a large amount of 
dust. Some of this is harmless, and if not in too great quan- 
tities can be removed by the cilia of the air passages, but 
this dust may contain the germs of different diseases, which, 
finding lodgment in the air passages, may give rise to these 
diseases. In some cases the source of the germs is from pa- 
tients who are suffering from scarlet fever, diphtheria, and 
certain other fevers. In these cases, that the disease may not 
spread, those in danger of taking the disease should not be 
allowed to come near the sick nor inhale air from the room. 
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and the furniture, clothing, and articles touched by the sick 
person should be thoroughly cleansed and disinfected before 
they are again used. 

All living and sleeping apartments, even when occupied by 
those in good health, should often be cleansed and thoroughly 
aired, as the organic substances thrown off from the body, 
which are so injurious, are likely to adhere to the walls and 
furniture of the room, and, in time, become worse by accu- 
mulation. Wash out the room with air and water. Pure air, 
good food, clean water, and abundant exercise are the basis 
of good health. 



Directions for Practical Work. 

By the methods given in any text-book in chemistry, make oxygen, nUro- 
gen, and carbonic acid, and study their properties. These are easily made 
and can be shown in any school-room. The directions would occupy more 
space than can be given here, and the books are easily accessible. 

Make some lime-water, for a test for carbon dioxide, by shaking up 
some lime with water in a bottle, and after allowing it to stand, pour ofi 
the clear solution. 

Shake some of the lime-water with carbonic dioxide, as made above. 
It will make it milky in appearance by the formation of carbonate of lime. 
As no other gas will do this with lime-water, it is used as a test for car- 
bon dioxide. 

Catch some of the gas from the top of a candle or lamp flame, and test 
it with the lime-water, and it will be found to contain carbon dioxide. 

Breathe into a glass at the bottom of which is some lime-w^ater. It will 
show the presence of carbon dioxide in the respired air. 

Breathe on a cold glass, and the deposition of water will show its pres 
ence in the respired air. 

Construct a model of a room from a box, not less than a foot each way. 
Cut holes in it at various points, for windows, which may be opened or closed 
by strips of paper pasted on them or torn off, as needed in the experiment. 
Cut a large hole in the top, over which may be laid a piece of glass. This 
arrangement will allow a view of the interior of the room. Small bits of 
candles may be used as stoves in this room. With the model study out 
the best arrangement to secure ventilation. If the ventilation is not good 
the candles will go out. The direction of the currents may be shown by 
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smoke from burning paper. A good way to make paper that will smoke 
without blazing is by soaking brown paper or blotting paper in a solu- 
tion of saltpeter and letting it dry. 



Review Questions. 

1. What is meant by tidal air ? Residual air ? Reserve 
air ? 

2. What is the amount of each and the whole volume of 
air in the lungs ? 

3. Give the composition of air. 

4. What is the property of the diffusion of gases ? 

5. Illustrate how it may act. 

6. How do gases compare with liquids in this respect ? 

7. Why can gases diffuse into each other ? 

8. What effect do the relative quantities of gases have on 
this property ? 

9. How does this principle act in the lungs ? 

10. Draw a diagram showing how the oxygen of the air 
reaches the air vesicle, and the carbon dioxide passes out. 

11. How do these gases pass to the blood, or out, as the 
case may be ? 

12. How is the oxygen taken to the tissues? 

13. What is the function of the haemoglobin ? Where is it ? 

14. How much oxygen is taken up in a day ? 

15. How much carbon dioxide is thrown off by the lungs ? 

16. What conditions bring about the necessity of ventila- 
tion ? 

17. What are the constituents of expired air? 

18. What is the most deleterious of these substances ? 

19. How is the dangerous amount detected? 

20. Give the calculation showing that a person will render 
3000 cubic feet of air unfit to breathe in one hour. 

21. What are other sources from which deleterious sub- 
stances from the body get into the air ? 
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22. How is a room to be ventilated ? 

23. How in the case of a stove ? How with a furnace ? 

24. Draw a diagram showing what are the currents of air 
in a room with different heating apparatus, and with win- 
dows opened or closed at different positions. 

25. What foreign substances may be in the air ? 

26. How should sleeping apartments be treated ? 

27. What care should be taken in rooms occupied by the 
sick ? 



CHAPTER XIV. 

THE VOCAL APPARATUS. 

Movements of the Vocal Apparatus. — The larynx, 
placed at the top of the trachea, constitutes a very delicate 
piece of mechanism, which is able to work with surprising ra- 
pidity and with precision for hours at a time. A speaker may 
use one hundred and fifty words a minute, and each word 
requires several movements of the muscles of the larynx and 
respiratory apparatus, which, if not accurately made, would 
result in wrong sounds. A skillful singer can, in the course 
of a song, render a great number of notes without striking#i 
false one. This requires very great accuracy in the rapidly 
succeeding movements, for the change in the motion of a 
muscle so slight as not to be perceived by the eye would 
make a changed note easily detected by the ear. 

The voice is produced by currents of air passing over the 
vocal cords in the larynx, while stretched tightly, and with 
their edges parallel. 

The Larynx. — The larynx is a special modification of 
the upper portion of the trachea. The cartilages, which in 
the trachea are in rings, are in the larynx so changed as to 
form parts that will allow many motions. The main carti- 
lages of the larynx are as follows: 

The cricoid cartilage, which stands at the base of the sys- 
tem, is placed on the top of the trachea. It is a heavy 
ring, much wider behind. 

The thyroid cartilage is the largest in the larynx, and 
consists of two flat plates, which unite in front but 
are wide apart behind. This cartilage can be felt 
(I So) 
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just beneath the skin in the front part of the neck, and 
is known as " Adam's apple. " Its upper front margin 
has in it a deep notch, which can be easily detected. 
This cartilage rests by two points at the posterior 
angles of its lower margin on the cricoid cartilage, at 
which points true joints are formed, allowing it to 
work up and down with the cricoid as a firm base. 



Fig. 62. 

Fig. 63. 

Lakvnx— Side View. 

Lauvkic— Back 
T. Ihyrold caitilue; C, 
cncoid camlaee; TV. tra- •4r, Arytei 

cbea: /f, hfoM bone; £, thyroid canila^B; s.c|ii|tiu<u9. 

epiglottis; /. joint of thyroid 

The arytenoid cartilages, two in number, are small, three- 
sided pyramids, which rest upon the upper margin of 
the posterior portion of the cricoid cartilage, with 
which they articulate by true joints. The summits of 
these cartilages approach one another, and are ex- 
tended by two other small cartilages on each of 
them. 

The epiglottis is a cartilage attached to the upper front 
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part of the larynx. It projects upward just behind 
the base of the tongue, except in the act of swallow- 
ing, when the whole larynx is thrown upward, and 
the epiglottis is brought up and thrown over the up- 
per opening of the larynx, completely covering it. 
It is brought into this position also in the beginning 
of a cough. The closure in swallowing is evidently 
to keep foreign bodies out of the larynx and air pas- 
sages. This action takes place also in attempting to 
breathe certain poisonous gases. The closure in the 
beginning of a cough is to hold the air a moment in 
order to allow it to rush out suddenly, and thus re- 
move any foreign body. 
The cartilages of the larynx are held together by numerous 
ligaments, and are moved by many muscles. 
Just above the thyroid cartilage is the hyold bone, to which 
it is attached by ligaments and 
muscles. 

The Vocal Cords.— The in- 
terior of the larynx is lined by 
a mucous membrane. In about 
the middle of the larynx the pas- 
sage is much narrowed by two 
. pairs of folds in its walls, the 

I lower pair being the true jiffcal 

eor^s- the upper, X\i& false cords. 
In the folds constituting the 
true vocal cords are ligaments 
and muscles, which run from the 
^^- ° arytenoid cartilages forward to 

Shctiok of Lahynx, showing thb jfi angle formed by the plates of 

Ligaments oii tub Vocal Cords ° , . ' ; ^ 

WITH TUB Mucous mehbsanr thc thytoid caTtilagc. The edges 

RKHOvBD. of these folds are very thin, and 

are capable of being stretched tightly and brought very close 

together, and parallel, by the action of muscles on the aryte- 
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noid and thyroid cartilages. Some draw the front part of the 
thyroid down; others throw the arytenoids very close together 
and hold them firmly in position. 

The Production of the Voice. — A vocal sound is pro- 
duced by bringing the stretched edges of the vocal cords 
close together and parallel to each other, leaving a very nar- 
row slit between them, and while in this condition forcing 
a current of air past them. The sound is produced by the 
vibration of these stretched elastic membranes, in just the 
same manner as it is produced in all reed instruments. The 
arrangement is shown in many forms of toy trumpets, in 
which either a thin strip of metal or of india rubber partially 
closes an opening through which the air is made to pass. 

Action of the Air Cavities around the Vocal Cords. 
— As in most musical instruments, there are arranged about 
the vibrating parts air cavities, whose air, by being thrown 
into vibration, greatly strengthens the sound. These are 
called resonating cavities. In the production of the voice ail 
the air passages above the larynx may act as resonators. 

Properties of Sound. — In the study of physics we learn 
that there are three properties in which sounds may differ, 
' viz.: in pitchy in intensity or loudness, and in quality or 
character. 

The pitch of a sound depends on the rate of its vibrations — 
that is, the number per second — and the rate depends on the 
thickness, length, and tensity of the vibrating reed or string 
(the vocal cords in the larynx). For example, C of the key 
of C has 256 vibrations per second, while the octave above 
has 512. It has been recorded that among singers a bass 
voice has reached the very low note of a contra F, at 42 vi- 
brations per second, while soprano voices have reached A'", 
of 1708 vibrations. 

The intensity of a sound depends on the intensity of the 
vibrations in the larynx, and this on the strength of the blast 
of ^ir and its manner of application to the cords. 
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The quality of a sound is that property by which two notes 
made by different instruments of the same pitch and Inten- 
sity can be distinguished from each other. In the human 
voice it is that by which one voice is distinguished from 
another. 

A fuller explanation of this property than can be given 
here is needed to make the matter perfectly clear. Still, it 
may be stated to depend in most musical instruments upon 
their resonating air cavities, and on the size and shape of the 
cavities. Every vibrating reed or string gives off many tones 
at the same time; a resonating body of air can only take up 
certain of these, according to its size and shape. If the res- 
onator varies ever so little in size or shape, it emphasizes dif- 
ferent tones. Consequently, if all people had exactly similar 
vocal cords, the quality of the voice of each would differ as 
the size and shape of the air passages of each differ from 
those of all the rest, which is the case, at least in a slight 
degree. 

The quality of the voice of a single individual is instantly 
changed by any change in the shape of his air passages. For 
example, raising or lowering his chin, putting substances into 
his mouth, pressing on his trachea, throwing his shoulders 
back or dropping them forward, will change the quality of 
his voice. 

One may improve the tones he uses by taking care to hold 
his body in the proper position for their production. What 
that position is he can easily find by experimenting on him- 
self in this matter. The difference between all the sounds of 
the alphabet is made by changes in the resonating cavities. 

The Sounds for Different Letters. — The sounds rep- 
resented by the different letters may be thrown into the ioV 
lowing classes : those which depend fundamentally on the 
vibrations of the vocal cords, and those in which the vocal 
cords take no part, but which depend on the rushing of the 
air along the upper air passages. The first includes the 
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trowels and the sub- vowels, and the second the remainder of 
the sounds of the alphabet. 

In producing a vowel sound, the air escapes unhindered 
through the mouth. In making the sub-voweis, the mouth 
passages are more or less obstructed, the escape of the air 
being more or less through the nose. It would be profitable 
for the reader to study before the mirror, and with thumb 
and finger on the larynx, the movement of the parts engaged 
in making each sound represented by the different letters. 

Training the Voice. — The wonderful vocal feats per- 
formed by professional singers and others serve to show to 
what extent the voice is susceptible of training. The laryn- 
geal muscles and those of respiration used in speaking are 
under the complete control of the will. One can improve his 
manner of speech as readily as he can his manner of walking 
or managing his hands. 

Habits of speaking distinctly, and in clear tones, and with 
a pleasant and intelligent expression, are matters that can be 
acquired by attention as easily as their opposites can be ac- 
quired by carelessness. 

To the fact of the great development of articulate speech 
in man is no doubt due to a; considerable extent his great 
intellectual advancement. Since the meaning of oral sen- 
tences depends in part on the manner in which they are 
spoken as well as on the choice of words, there is good rea- 
son for an attempt to get a more perfect and intelligent con- 
trol of the apparatus. 

Hoarseness. — ^This affection is due to an inflamed con- 
dition of the cords or an accumulation of mucus on them. 
The inflammation may be due to a slight congestion oc- 
casioned by long speaking while not properly using the 
larynx, or it may be due to a cold which affects these parts, 
or to some of the diseases which may affect the throat. If 
due to the first- mentioned causes, it is obvious that the care 
needed is rest for the organs. If due to the last, only thcr 
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advice of those who have the proper knowledge in such mat-" 
ters should be followed. 

The Voice of the Lower Animals. — In the mammals 
the larynx is present, and is used to produce the various sorts 
of calls or expressions of emotion of which they are capable. 
In the birds the true larynx is placed at the division of the 
trachea into the bronchi. In some of these animals it has a 
wonderful power. 

In animals lower than birds there is no well-developed 
vocal apparatus, and in most it is absent. Among insects 
various means are made use of to produce sounds, such as 
rubbing together various parts of the body, or by rapid vi- 
brations of the wings, by a vibrating membrane, or by forc- 
ing air out of their breathing pores, called spiracles. 

The thyroid body and the thymus gland or body are 
not parts of the vocal apparatus, but as they are attached to 
them, they may be described here. 

The thyroid body is a two-lobed body attached to the 
front and sides of the larynx and trachea. Its lateral por- 
tions extend from the side of the thyroid cartilage to t'le fifth 
or sixth cartilaginous ring of the trachea. It is full of vessels. 
Its function is not agreed upon by physiologists. 

The thymus gland is a small body, only r ppearing in 
childhood, and gradually disappearing as the child becomes 
older. In children of two years, it extends along the trachea 
down into the thorax, along the bacK part of the sternum, to 
about the position of the costal cartilage of the fourth rib. 
This and the thyroid body are called ductless glands, but 
their structure is not that of typical glands. The function 
of the thymus gland is not definitely known. 



DIreotlone for Practical Work. 

For the study of the larynx that of a large animal is perhaps best. 
Special directions must be given to the butcher in ordering it, or it wili 
be delivered much mutilated. 
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In it, make out all the cartilages described in the text. Tear away the 
connective tissue and very clearly will be shown the muscles which move 
them. Make out the vocal cords. 

Examine the manner of the action of the epiglottis. 

If the tongue is also obtained with the larynx, the hyoid bone and its 
attachment to the larynx and tongue may be studied. 

Study the properties of sound by means of a violin or guitar. Pitch, 
intensity, and quality, and on what they depend, may be illustrated by 
these, by tightening, loosening, shortening, etc. , the strings. 

Study the human larynx in action : the shapes of the mouth in mak- 
ing the different letters, and the effects on the quality of the voice by the 
assumption of different positions of the body. 



Review Questions. 

1. What is said of the accuracy of the vocal apparatus ? 

2. Describe the larynx. 

3. Locate each of the cartilages. 

4. How are these cartilages held together ? 

5. How are they moved ? 

6. Give the position of the vocal cords. 

7. Describe them in action. 

8. How is the voice produced ? 

9. What is the action of the air cavities in the produc 
tion of sound ? 

10. What are the properties of sound.? 

11. Upon what does each depend ? 

12. Upon what do the differences in the voices of different 
individuals depend ? 

13. How are differences in the sounds of the letters made ? 

14. What is said of the training of the voice .? 

15. How can one change the quality of his voice.? 

16. What is the cause of hoarseness ? 

17. How is voice produced in the lower animals? 

18. Give the position of the thyroid body. 

19. What is its function? 

20. Where is the thymus gland, and what is its function ? 



CHAPTER XV. 

THE SKIN AND THE KIDNEYS. 

General View of the Skin. — The outer covering of 
the body, the skin^ is very complex in its structure, and pos- 
sesses several different functions. Being the part imme- 
diately in contact with the outside world, it gives us much of 
our knowledge of the world, and at the same time protects 
the other working parts from injuries that might come to 
them. It also serves to regulate the temperature of the 
body. How these important offices are accomplished will be 
better understood when its structure is known. 

It covers the whole external surface of the body, its outer 
layer being the outer wall of the double tube in which the 
body was considered to be formed. (See Chapter II.) The 
skin is thickened on the palms of the hands and the soles of 
the feet, thin and very flexible over the joints, thin and trans- 
parent over the eye balls. 

Its average thickness is about one tenth of an inch. It is, 
by means of connective tissue containing elastic fibers, tied 
to the parts beneath in such a way as to allow great free- 
dom of motion, and yet firmly enough to keep it in the same 
place. The elastic fibers bring it back when it is temporarily 
pushed aside. 

Structure of the Skin — The skin consists of two dis- 
tinct portions, the outer layer, called the epidermis^ resting 
on the second layer, the dermis. 

The epidermis, sometimes also called cuticle^ is composed 
of a mass of cells (Figs, i and 65) whose walls are cemented 
together. It contains no blood vessels, and no nerves except 
(188) 
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a few very fine fibrils among the lowermost layers. Among 
the lower layers are pigment 
cells, the number of which de- 
termines the color of the skin. 

Loss and Growth of the 
Epidermis. — The outer layers 
of the cells of the epidermis are 
constantly falling away. The 
friction of external objects con- p 
stantiy removes them. The 
epidermis is removed by the 
growth and reproduction, by 
division, of the lower layer of 
cells. These receive their nutri- j 
tion from the plasma of the 
blood, which diffuses to them 
from the capillaries in the der- 
mis beneath. By this constant 
waste and renewal the body has 
always a comparatively new 
cover. 

Functions of the Epider- 
mis. — The epidermis protects ''5- *5- 
the parts immediately beneath diackamhatic section ov the Skik. 
from mechanical injury. By c, epidermis; d ana m below is 
being impervious to liquids, it h^r Aduci^f'sweafgUnd^.'mi;^ 
prevents the absorption of <^"e^>«';'^.f":-i'.«b»«-,uagiicri. 
poisons from without and evaporation from within. The 
loss of water occurs only through the sweat glands, which 
loss can be regulated. 

The Dermis. — The lower layer of the skin is the thicker. 
It is formed of a network of connective -tissue fibers, of both 
the elastic and the inelastic varieties. This layer of connec- 
tive tissue makes a tough, flexible sheet, which envelops the 
body. Lodged among the fibers and supported by them are: 
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ist, a fine network of blood vessels; 

zd, a fine network of nerves; 

3d, a fine network of lymphaticvessels; 

4th, immense numbers of sweat glands; 

5th, great numbers of sebaceous or oil glands; and 

6th, numerous organs of touch — touch corpuscles. 

The networks of nerves and of blood vessels are of so fine 
a mesh as to 
make it impos- 
sible to push a 
needle through 
them without 

some of each. 
The arrange- 
ment of the 
blood vessels 
could be seen 
with the micro- 
scope in the 
web of a frog's 
foot, when ex- 
amined by the 
method given 
in the chapter 
on Circulation, 
shown in Fig, 
66. In every 
place the der- 
mis is thrown 
up Into numer- 
fi9- Be- ous little pro- 

Capilurv Blood Vkssels i-kom Skin or WEBOf Froc's Foot, jectlons Called 
o, arteri«ii =, veins. papUlce. Asthe 

epidermis is molded over these and fills up the valleys 
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between them, they do not show well on the surface of the 
skin. But on the palm of the hand and the corresponding 
surface of the fingers, where the papillas are especially 

numerous, they are crowded into rows, a hint of which is 
found in the parallel ridges and furrows seen in the epider- 
mis of those surfaces. 

Fig. 67 shows the papillae of the dermis with the epider- 
mis removed. Each papilla contains 
a loop of a capillary vessel and a 
nerve fiber. Many have at their sum- 
mit a peculiar arrangement of cells, 
which is thought to be an organ of 
touch, and, consequently, called a 
t<ntch corpuscle. ^9- *'- 

In the lower layers of the dermis, Papilla frokPaui of Hahd, 
the connective -tissue fibers form a *'™ '"'='""*""""'■''■ 
more open network, which gradually passes into the con* 
nective tissue fibers which attach the skin to the parts be- 
neath, and called for that reason the subcutaneous tissue. In 
the loose, lower network are placed little masses of fat. On 
the amount of this fat depends the smooth or wrinkled con- 
dition of the skin. 

Sweat Glands. — The sweat glands, or perspiratory glands, 
are little tubular glands whose ducts open through the epi* 
dermis on the outer surface of the skin [A in Fig. 65). The 
secretory part of the gland is lodged in the lower layers of the 
dermis, where the tube is coiled Into a small knot. This is 
surrounded by a network of capillaries, and is also supplied 
by nerve fibers. 

The lining of the coiled part is composed of gland ceils, 
which, when stimulated by the nerves, under the control of 
the nervous system, secrete the perspiration. The cells ob- 
tain their supply of material from the blood so copiously fur- 
nished them. The supply of the blood, be it recpembered, 
is also under the control of the nervous system. 
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Sebaceous Glands. — The sebaceous glands are small 
glands which open into the little pits out of which the hairs 
grow (5 in Fig. 65). They secrete a kind of oil, which ren- 
ders the epidermal layer less pervious to water, and prevents 
it from becoming dry and cracking open. It also softens the 
hair and keeps it from becoming brittle. 

The Lymphatics are very numerous, and are arranged 
in a network, some originating in the skin. They, as well 
as the blood vessels, will readily absorb any liquid introduced 
under the skin, as is illustrated by the hypodermic injection 
of medicines, which is practiced by some physicians. 

JFunction of the Dermis. — Both the sweat glands and 
the sebaceous glands are to be considered as continuations 
of the epidermis into these tubes or pits, the cells of which 
have become secreting instead of protective cells — another 
example of the "division of labor.*' Besides^ the protection 
afforded by the layer of epidermis, as given in a former para- 
graph, the dermis affords still greater protection as a tough, 
partially elastic web clothing the body. It thus helps to 
deaden blows. It prevents the parts beneath from being 
bruised, lacerated, or rubbed. What a suit of buckskin 
clothing or one of strong cloth would do for the skin, the 
skin does better for the rest of the body beneath. 

The Skin as an Excretory Organ. — The three great 
organs for disposing of the wastes of the body are the lungs^ 
the skifiy and the kidneys. Each one of these throws off a 
certain amount of water. Each one also throws off some 
carbon dioxide. The greatest amount of carbon dioxide is 
thrown off by the lungs, while the greatest amount of water 
is disposed of by the skin. 

The sweat glands are very numerous, the secreting cells 
making a sum of secreting surface which has been estimated 
to be about eleven thousand square feet. From this great 
surface a certain amount of perspiration is constantly pass- 
ing away. Usually the amount from each gland is so small 
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that it evaporates as soon as it reaches the surface, and is 
not visible, and from this it is called " insensible perspira- 
tion" Its existence can be readily detected if the hand be 
pressed against a piece of cold glass, in which case the sur- 
face of the glass becomes instantly coated over with mois- 
ture. 

When the secretion of the sweat goes on more rapidly than 
does the evaporation at the surface, the sweat appears in 
drops. This is called ^^ sensible perspiration,'* Of course, 
the amount of moisture in the atmosphere will affect the 
amount of perspiration which appears as sensible. This dis- 
tinction of sensible from insensible is an unimportant one. 
The amount of this secretion varies greatly, but will average 
about one and one half pints in a day. 

The Skin as a Regulator of the Temperature of the 
Body. — The conditions of the body demand a constant tem- 
perature of its organs. This is about 98° F. A variation of 
but a slight amount from this degree is attended with fatal 
results. It is a very difficult problem to keep a room at a 
constant temperature. One has in such a case two classes of 
^ things to consider — the regulation of the fire for heating the 
room, and the regulation of the means of cooling the room. 
By giving one's whole attention to the matter, he could hardly 
succeed in keeping a room at the even temperature of 98°. 

The body does this for itself through the changes of the 
seasons, or of the climates through which it may be required 
to pass, or in the more difficult matter of passing from a warm 
room into a cold atmosphere, or vice versa. 

The method of furnishing the heat we will consider in an- 
other section. It is by means of the skin that the cooling is 
accomplished. 

This is done in two ways. The body is generally in an 
atmosphere colder than itself, to which it radiates heat from 
the skin. By means of the nervous system it can allow greater 
or less blood to pass to the skin, which, losing its heat at this 
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point, will again, circulating through the rest of the body, 
cool the whole. 

The other method by which it loses heat is by evaporation. 
In the study of Physics we are taught that the evaporation 
of even a small amount of water uses up a large amount of 
heat. In the evaporation of the sweat poured out on the 
surface of the skin the body is cooled, the amount of cool- 
ing depending on the amount of the water thrown out. 

Nervous Control of the Heat-regulating Appa- 
ratus. — It is plain to be seen that if these two methods of 
cooling tbe body are under control, they can be an important 
means of regulating the temperature of the body 

As both the blood vessels supplying the skin and the sweat 
glands are under nervous control, if impulses coming from 
any part of the body to the nerve centers which control the 
blood vessels of the skin and sweat glands, show that the 
temperature in the body is rising above or falling below the 
proper degree, these centers immediately send out impulses 
which increase the blood supply to the skin and the amount of 
sweat secretion, with the effect of cooling of the body, and im- 
pulses which decrease those actions have the opposite effect. 

This is another of the wonderfully sensitive self-regulating 
mechanisms of the body, which, like those of the circulatory 
organs and the organs of respiration, is so delicately bal- 
anced as to answer to the slightest change in conditions. 
Man has invented several forms of mechanisms to regulate 
the temperature of a room or a heated body which have been 
greatly admired for their ingenuity, but none work so per- 
fectly as this of the human body. 

The Skin as an Organ of Special Sense. — The skin, 
as has been mentioned, holds the touch corpuscles, and thus 
becomes the organ of touch. It also determines the temper- 
ature of things. These two extremely important functions 
we shall pass here with the mere mention, as they are to be 
discussed under the chapter on the Special Senses, 
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It may now be repeated that the skin is one of the most 
complex in structure and one of the most important in 
function of the organs of the body, standing as it does 
at the outer boundary of the little world, in which the body 
lives. 

The Hair. — Both the hair and nails are modifications of 
the epidermis. The hairs are little cylinders of epidermis 
very much prolonged. Each hair is formed on the top of a 
papilla of the dermis which stands in the bottom of a pit in 
the skin (see B in Fig. 65). The epidermal cells on the top 
of this papilla grow just as they do elsewhere, but they ad- 
here together in such a way as to form a column, which pro- 
trudes from the pit, or " hair follicle," as it is called. 

This column of epidermal cells making a hair may become 
several feet long, but the only point at which it is limng and 
growing is just at the top of the papilla, which is at the bot- 
tom of the follicle. From this it is evident that the common 
notion that cutting off the ends of the hairs, either by shav- 
ing or otherwise, will cause them to grow better and stronger 
is not correct. 

Where a hair has begun to split at the outer end, cutting 
off this portion may stop the process of splitting and thus 
prevent the wearing away of the hair, and by this means 
allow it to grow longer, but it has no effect whatever on its 
manner of growth. Hairs are distributed all over the sur- 
face of the skin except on the palms of the hands and the 
soles of the feet. 

The Nails. — The nails are, like the hair, growths of the 
epidermis. The growth of the nail takes place at the ex- 
tremity which is buried in the skin, where a mass of papillae 
forms layer after layer of cells, which, adhering together 
firmly, form a sheet of very firm epidermis. This is pushed 
forward over the end of the finger as the nail. It might well 
be compared to a very wide, flat hair. 

The nails stiffen the ends of the fingers, and render effi- 
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cient aid in handling small objects, in such acts as pulling 
pins out of clothing or small splinters out of the skin. 

The Skins of other Vertebrates. — The skin in the 
lower animals is formed on the same plan as that in man. 
The epidermal portion, however, varies exc<eedingly in form. 
In birds it takes the forms of beaks, claws, and feathers, with 
their wonderfuUy complex shapes and colors. In other ani- 
mals are seen the variously shaped and colored hairs, hoofs, 
horns, scales, plates, knobs, ridges, and callosities of many 
kinds. 

All these are modifications of the outer surface of their 
bodies, to adapt them to act on the outer world to the best 
advantage in the peculiar position in which each lives. 

It is a very profitable exercise to study out some of these 
adaptations of the skins of the most common organisms 
around us to their conditions of life. Such study would 
serve to emphasize the immense importance of the skin as 
the organ which connects organisms with the forces of the 
outer world. Advanced investigation in these lines show 
that even the sense-organ cells of the eye, of the ear, of taste, 
and of smell are but complex modifications of the skin. 
Consequently, it may be said that, beside the other impor- 
tant functions, the skin, with its modifications, is our only 
source of all such knowledge as we obtain through the senses. 

Care of the Skin. — Almost the whole of the hygiene of 
the skin would be expressed in the words, keep it clean. The 
sources from which it becomes unclean are its own secre- 
tions, the cast-off epidermal cells, and foreign bodies coming 
in contact with it. These should be removed, as their ac- 
cumulation interferes with the performance of the functions 
of the skin, and they may become places for the lodgment 
of poisonous germs of disease, which, while they may be 
kept out of the body by the protective action of the skin if 
it remain unbroken, may yet be introduced by an unfor- 
tunate wound, or evea a slight scratcho 
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Many of the cases of fatal effects following a slight wound 
have been due no doubt to such germs being introduced 
into the body. Of course, the poisonous matter may some- 
times be on the wounding instrument. 

Aside from any considerations of health, every well-bred 
person will keep his body clean. 

Bathing. — It is the duty of such a text-book as this to 
insist that the body should be kept clean rather than give 
directions for accomplishing that purpose. The time and 
frequency of washing or bathing should certainly be gov- 
erned by the necessities of keeping clean, and should evi- 
dently vary with the kinds of occupations in which one is 
engaged, or the conditions in which he is working. 

No fixed rules that would be of general application can be 
given. The subject of bathing, like many other subjects in 
regard to the care of the health, has been a fruitful subject 
of much advice and varied Jorms of directions. But if the 
reader will keep in view the object of the bath and its 
importance, and be guided by the true meaning of comfort 
and discomfort in the bath, he may confidently arrange his 
own programme for his baths, and feel that he has the tem- 
perature of the water about right. 

The Kidn-eys. — The kidneys have been mentioned as one 
of the three great excretory organs. Of the three principal 
wastes of the body, carbon dioxide, water, and urea, the 
last is the only one which contains nitrogen. Urea is one of 
the substances formed by the kidneys, and discharged by 
them. It belongs to the group of ammonia compounds, and 
contains oxygen, carbon, hydrogen, and nitrogen. 

The substances from which the urea is derived are formed 
in the tissue cells during their activity, and are discharged 
by them into the blood. The blood carries them along until 
they reach the kidneys, where they are taken up by the kid- 
ney cells, and, as urea dissolved in water, are thrown out of 
the kidneys to be carried away from the body. 
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The Structure of the Kidneys The kidneys are a 

pair of bean-shaped glands, about four inches in length, 
placed in the loin, one on each side of the spinal column 
near the last dorsal vertebra, and the first two lumbar verte- 
brje. Each one is supplied with a large artery, the renal ar- 
tery, which in the substance of the kidneys divides and sub- 
divides in a manner peculiar to the kidneys. 
The branches give rise to little bunches of capillaries, 
which in turn are the source of a 
very fine network of capillaries, which 
spread through the secreting portion 
of the gland. These capillaries are 
gathered into veins which find their 
outlet in the renal vein. 

The secreting part of the kidney 
consists of an immense number of 
long microscopic tubes which wind in 
and out among each other in a very 
complicated manner. They originate 
in little capsules by which the bunches 
of the capillaries mentioned above 
are inclosed in such a manner as to 
act to each as a funnel to catch the 

sb' sup'rii-ren"i'^'bd^; u, walls. The next part of the tubule is 
lined with true secreting cells. These 
are enveloped by the fine network of capillaries, also men- 
tioned above. 

These tubules empty their contents into larger tubes, and 
these open into still larger ones, until one duct comes tO 
answer as the common outlet of a large number of tubules. 
This common duct opens into a space in the inner side of the 
kidney, called the pelvis. A number of such ducts open into 
this space from the different parts of the kidney. The pel- 
vis narrows into a tube called the ureter, which conveys the 
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secretion away from the kidney to the bladder, which serves 
as a reservoir for it until it is removed from the body. 

Nervous Control of the Action of the Kidneys — Like 
the other excreting as well as secreting organs, the kidneys 
are under the control of the nervous system, both in regard 
to their blood supply and the activity of their secreting cells. 
These are constantly adjusted to the amount and kind of 
nitrogenous wastes to be got rid of. These wastes, if re- 
tained in the body for any great length of time, produce 
fatal results. 

Effects of Alcohol on the Kidneys. — The kidneys, as we 
have just learned, form an extremely important organ, being 
one of the three great excretory organs. The secretions of 
the kidneys if retained in the body would soon produce death. 
If these secretions are imperfectly separated from the blood, 
serious results will occur, corresponding in degree to the im- 
perfection of the action of the kidneys. 

When alcohol is taken into the stomach and absorbed into 
the blood, the kidneys immediately begin to discharge it from 
the body. The presence of much alcohol irritates the cells 
of the kidneys, interferes with the regulation of their blood 
supply, and thus disturbs their normal action. Long-con- 
tinued use of alcoholic drinks will make permanent changes 
in the structure of the kidneys, such as fatty degeneration, or a 
considerable development of connective tissue replacing the 
proper cells of the tubules. With these changes go disor- 
dered functions, which result in very serious diseases which 
often end fatally. 

As an- example of some of these, a large number of 
cases of Bright's disease are traceable to the use of alco- 
holic drinks. As with the liver, so with the kidneys, the 
troubles following the disturbance of their normal func- 
tions are numerous. It must be remembered that both 
these important organs, as well as others in the body, are 
simultaneously affected, which only makes matters worse 
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for each one. This complication makes it difficult, often 
impossible, to say how far each of the many bodily dis- 
orders which result from the use of alcoholic drinks may 
be specifically traced to the disturbance of the functions 
of the kidneys by alcohol. For fuller discussion of the 
effect of alcohol on the body the student is referred to 
Chapter XXII., pp. 288-294. 



Directions for Practical Work. 

If the surface of the palm of the hand be examined with a hand lens, 
the ridges which correspond with the rows of papillae beneath can be dis- 
tinctly seen. 

Along these ridges find little pits. They are openings of ducts of sweat 
glands. 4 

Frequently a minute drop of liquid will be seen standing in many of 
them* 

Mark off a quarter of an inch square and count the number of these 
openings in its area, and from this estimate the number of glands in the 
palmar side of the hand and fingers. 

Compare by means of a lens the surface of the back of tbe hand with 
that of the palm« 

Thrust the band and fore-arm into a large glass jar (a candy jar will 
answer) and close the mouth around the arm with a cloth. In a short 
time considerable moisture will form on the sides of the jar, as the resttit 
of the vapor thrown off. 

To show the cooling power of evaporation, put a piece of thin cloth 
over the bulb of a thermometer and keep it moist with water, and note 
the change in temperature. Moisten the cloth with a few drops of gaso- 
line or ether, and note the result. 

Put a drop of gasoline or ether on the back of the hand, and observe 
the cooling effect. 

Carefully examine the hairs, scales, claws, hoofs, and feathers of the 
common animals about us to see how they differ in form, what is their 
use, how they are attached, and other peculiarities, etc. This is a very 
profitable way to learn the many modifications which epidermis may 
undergo. 

The kidneys of the rabbit can be studied at the time when the animal 
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is dissected for other purposes. They ought to be seen in place axid in 
their proper relations. 

For the study of the structure of the kidney that of a sheep or pig is 
excellent. A longitudinal section can be made and compared with Fig. 
68 and the description given in connection with it. Its minute structure, 
of course, can only be made out with a good microscope with specially 
prepared sections of its substance. 



Review Questions. 

1. Give a general description of the skin. 

2. What are its layers ? 

3. How is the epidermis formed ? 

4. What advantages result from its constant changes F 

5. What are the functions of the epidermis ? 

6. Describe the structure of the dermis. 

7. What organs does it hold ? 

8. Describe a papilla. 

9. Where is the fat of the skin placed ? 

10. Where are the sebaceous glands, and what is their 
function ? 

11. What of the lymphatics ? 

12. What is the relation of the glands of the skin to the 
epidermis ? 

13. How does the arrangement illustrate the division of 
labor 7 

14. What are the functions of the dermis? 

15. Name the three great excretory organs. 

16. How great a secreting surface do the sweat glands 
possess ? 

17. How much do the sweat glands secrete a day ? 

18. In what two ways does the skin regulate the tempera- 
ture of the body ? 

19. Illustrate cooling by evaporation and radiation from 
other objects. 

20. How is the cooling apparatus in the body regulated ? 
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*i. What is said of the sensitiveness of the mechanism ? 

22. How is the skin an organ of special sense? 

23. Sum up the functions of the skin. 

24. Give the relation of a hair to the skin. 

25. How does it grow ? 

26. Describe a nail, 

27. What is its relation to the skin ? 

28. How does a nail grow ? 

29. What are its functions ? 

30. What are some of the modifications of the epidermis 
as shown in other vertebrates ? 

31. What of the importance of the skin as a whole ? 

32. What does the care of the skin require? 

33. What are some of the dangers of lack of cleanliness ? 

34. What is the function of the kidneys ? 

35. How do they obtain the waste they secrete ? 

36. Where does the waste come from ? 

37. Describe the structure of the kidneys. 

38. What is said of the nervous control of the secretion of 
the kidneys ? 






CHAPTER XVI. 

THE HEAT OF THE BODY. 

Animal Heat. — In the study of the skin it was shown 
how that organ is a great factor in the regulation of the 
temperature of the body, by increasing or decreasing its 
rate of cooling. 

We have now to consider the method by which the body is 
heated. Enough heat must be furnished to keep the body at 
about 98° Fahr. the year round. As during almost the whole 
time the body is in an atmosphere whose temperature is less 
than that degree, and a considerable of the time much less, 
the heat required is considerable. 

The Sources of Heat. — It has been shown that when- 
ever a tissue cell is in the state of activity it takes in oxygen 
and throws off carbon dioxide; also, that it requires some 
food substance — that is, a substance which will combine with 
oxygen. It was further shown that one of the results of 
oxidation is the production of heat. Whenever any tissue is 
active, as muscular, glandular, or nervous tissue, one of the 
results of the activity is the production of heat. It may be 
stated, then, that one of the sources of heat to the body is 
from oxidations occurring in the tissue cells. Indeed, this is 
the main source. 

There is at least one other source, although of much less 

importance than the one just mentioned. It is from the 

friction of the parts of the body on each other. If one, by 

muscular exertion, rub two pieces of wood together they will 

become warm. This heat of the wood is so much energy 

lost to the human body. 

(203) 
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But when the heart pumps the blood-stream along, and the 
stream is checked in motion by resistance of the walls of the 
blood vessels, the loss of motion reappears in the body itself 
in the form of heat. The body by this means receives as 
much heat as it would take to run an engine big enough to 
pump the blood through the system. But even here the 
muscles of the heart are enabled to produce these motions 
by oxidations in their cells. Consequently, the ultimate 
source of energy in this case is also from oxidation. 

Distribution of the Heat in the Body. — The activity of 
the tissue cells is at one time greater in one organ, at another 
time in another, but about the same temperature must be 
maintained throughout the body. This necessitates a method 
of equally distributing the heat through the body. The dis- 
tribution is accomplished by the circulation of the blood, thus 
adding one other to its important list of functions. 

To illustrate this method of distribution, let us suppose 
the digestive organs to be in a state of activity. Their glands 
in secreting, and the digestive juices in producing the chemi- 
cal changes of which they are capable, give off a considerable 
amount of heat. The blood which circulates through these 
organs has its temperature raised. It is soon carried on and 
through all the other organs of the body, which, if cooler than 
the blood, are warmed by it. This could be illustrated by 
the activity of any other organ, such as the brain or the 
muscles of th^ arm. 

Outside of the body a good illustration of this method of 
distributing heat may be found in the manner of heating 
buildings by steam or hot water. The heat is produced by 
oxidations in one room, the boiler-room, and is then distrib- 
uted from this by means of the circulation of the steam or 
water through the pipes to all the rooms. 

As the warming of the blood at one place tends to warm 
the whole body through its circulation, it follows that cooling 
it at one place will tend to cool the whole body. We experi- 
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ence this when we find that if the hands and feet are exposed 
on a cold day, the body is chilled, although it may be well 
clothed in other parts. 

Regulation of the Production of Heat. — The body is 
not left to depend wholly on the oxidations which occur in 
the tissues when they are called into their special activity, or 
it would suffer when these are at rest, and could not adapt 
itself to rapid changes of the temperature of the atmosphere. 
It has the means through the nervous system of stimulating 
certain of the tissue cells to oxidation for the special purpose 
of the production of heat. As at this time the cells which 
are producing heat are not showing any other form of activ- 
ity, it has not been definitely determined what tissues do this. 
But it is known that such action takes place. This nervous 
control acts just as do the other self-regulating mechanisms 
described for the control of the respiration, secretion of per- 
spiration, and the like. It has a nerve center to which im- 
pulses come reporting the state of the body, whether above or 
below 98°, and from which nervous impulses go to increase 
or decrease oxidations for the production of heat. 

Thus, by the regulating action of the skin in cooling the 
body, on the one hand, and by the regulating action of the 
heat-producing processes on the other, being nicely balanced, 
the very difficult problem of maintaining the body at a nearly 
constant degree through great changes of the temperature of 
the atmosphere is beautifully solved. 

Disturbance of the Temperature-regulating Mech- 
anisms. — ^When the delicate mechanisms just described 
are disturbed in their action, the balance between cooling 
and heat production is disturbed also. As a result the tem- 
perature of the body may be depressed, as is the case in the 
actions of the poisons morphia and alcohol^ or the temperature 
may be raised in a small degree, as in slight inflammation, 
and in a large degree in extensive inflammations and in 
fevers. 
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More than a degree above or below 98° Fahr. is to be re- 
garded as considerably away from the normal temperature, 
while as low as 96° or as high as 105° is an extremely dan- 
gerous condition of the body. 

Clothing. — The body has the power to adapt itself to a 
considerable range between a scarcity and an abundance of 
clothing. It can survive much exposure. But the great 
strain on the heat-producing apparatus required by contin- 
ued exposure has the same sort of objections to it as has the 
long-continued excessive exercise of the muscular, nervous, 
or digestive systems. 

Excessive activity in the production of heat will interfere 
with other activities of the body, such as growth in the 
young, muscular or mental exertion in all. Constant ex- 
posure, instead of strengthening the body, as many suppose, 
really tends to weaken it, while comfortable clothing favors 
all the other forms of activity of the body. 

Cold-blooded Animals. — This name is not well applied, 
as in such animals the blood may really be warm. They are 
animals whose temperature may vary within wide limits. It 
is generally very near the temperature of the medium in 
which they are living. For example, the blood of a frog 
may reach as low a degree as 32° Fahr. or go as high as 100°, 
a range of 68°. 

In the ^varm-blooded animals a nearly constant tem- 
perature is maintained, and is necessary to their existence, 
the difference between the two being that in the warm- 
blooded animals the heat-producing and heat-regulating ap- 
paratus are well developed, while such is not the case with 
the cold-blooded animals. 

During the hibernation of certain warm-blooded animals, 
they for the time are somewhat like cold-blooded animals. 
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Review Questions.^ 

1. What is the temperature of the body? 

2. What is the range of the temperature of the atmos« 
phere ? 

3. What is the main source of the heat of the body ? 

4. Name and explain one other source of heat. 

5. How is heat distributed through the body? 

6. What would be the effect on the whole body of heat- 
ing or cooling a single part ? Explain. 

7. Illustrate these by description of similar contrivances 
used outside of the body. 

8. How is the production of the heat regulated ? 

9. How do the heat-producing process and the cooling 
process work together ? 

10. What is said of clothing ? 

11. What are cold-blooded animals ? 

12. How do they differ from warm-blooded ones? 

13. What is hibernation ? 



CHAPTER XVII. 

THE ANATOMY OF THE NERVOUS SYSTEM. 

Structure of the Nervous Tissues. — Gray Matter and 
White Matter, — To the naked eye the nerves appear as white 
cords of varying size, rather firm to the touch, but not so 
strong as the tendons. The substance of the brain is soft, 
easily torn, and shows a thin coating of light " gray matter " 
on the surface and in small masses at its base, with consid- 
erable "white matter" intervening. The spinal cord is 
composed of the same substances, with the white matter 
enveloping the gray. 

This " white matter '* and " gray matter," as they appear 
to the naked eye, are structureless masses, but this is far 
from being the case, as they consist of an extremely delicate 
and definite structure. 

Structure of the Nerve Tissue. — The study of the 
tissues of the nervous system with the microscope shows the 
white matter to be composed of the nerve fibers^ and the 
gray matter of nerve cells. These are bound up in masses 
by connective tissue. It is very important to a clear under- 
standing of the physiology of the nervous system to get as 
clear conceptions as possible of these elements. 

The Nerve Cell. — The nerve cell is a mass of proto- 
plasm with a plainly seen nucleus, and the cells from dif- 
ferent parts of the nervous system have different shapes. 
Fig. 69 shows some of these. Some nerve cells are so large 
as to be seen with even a low power of the microscope. 
Most nerve cells are irregular in shape and have processes 

extending from the surfaces. In most fully developed nerve 

(208) 
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cells one of these processes is very greatly extended as a 




thin thread of protoplasm, which becomes the core of the 
nerve fiber. (Figs. 70 and 72.) 
The Nerve Fiber. — Every nerve fiber has this core — 
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called the axis cylinder — which is always the prolongation of 
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the protoplasm of the nerve cell. In most nerve fibers this 
central thread of protoplasm becomes covered with certain 
coats, which protect and nourish it, and probably act in the 
same manner as the insulation substances with which wires 
used to conduct electricity are sometimes coated. In most 
fibers these coats are two in number; an outside one, form- 
ing a tube, the primitive sheath; and between the walls of this 
tube and the central thread is a coat of an oily, semi-liquid 
substance, called the medullary sheath. These three parts 
together constitute the nerve fiber. 

The nerve fiber is, of course, microscopic, being from 

Trihnr ^^ tkW ^^ ^^ ^^^^ ^^ diameter, and may be some 
feet in length. While a single nerve cell or a single nerve 
fiber would appear nearly colorless and semi-transparent 
under the microscope, yet, seen in groups, the nerve cells 
are a yellowish-gray in color, and the fibers are white; hence 
the terms often applied to them, the " gray matter " and the 
"white matter." If we use these terms we must not allow 
their use to make us forget the real structure of the gray 
matter and the white matter. 

A Nerve Ganglion The nerve cells rarely exist singly, 

but are gathered together into groups of greater or less size. 
One such group of nerve cells is called a ganglion. Ganglia 
are found scattered through many parts of the body, or 
gathered into large masses, as in the brain and in the spinal 
cord^ to be more fully described presently. 

The Structure of a Nerve. — The nerve fibers, with 
the connective tissue which binds them together, form the 
nerves. 

A nerve consists of a bundle of nerve fibers bound to- 
gether by connective tissue; these small bundles are bound 
together into larger ones, the whole group surrounded by a 
sheath of connective tissue, called iht perineurium, the whole 
making a white cord. The largest in the human body is the 
sciatic nerve, located in the thigh, which is as thick or thicker 
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than an ordinary lead pencil. These larger nerves contain 
many thousands of the nerve fibers described above. 

A nerve has, beside these parts, its own 
blood vessels and nerves, for maintaining 
its nutrition. 

How the Nerve Fibcps-Terminate. — 
Now, if we could trace toward the central 
axis the course of the various nerve fibers 
in a nerve like the sciatic, for example, we 
would find that every one of the thousands 
of nerve fibers, without exception, ends in a 
nerve cell in the spinal cord, the brain, or in 
some of the ganglia outside of these. 

If we should trace these same fibers in the 
opposite direction, they would be found to 
end differently. Some penetrate the mus- 
cles, where they spread out and finally end 
in the muscle cells. Others follow the blood 
vessels and end in the muscle fibers of their 
walls. Others would seek out the gland cells 
where they terminate. Still others pass on 
to the skin, where they are found to ter- 
minate at the roots of the hairs, or in curi- 
ously formed groups of cells, called the touch 
corpuscles. 

In other parts of the body than the organs 

mentioned, the nerve fibers would be found 

to end in various other forms of special sense 

cells, as those of the retina (sight cells), or in 

the auditory cells^ olfactory cells, and taste 

cells; or they may have several other specially 

formed cells for their endings. In the brain and spinal cord 

the nerve cells are also connected with one another by nerve 

fibers in a very complex way. 

EiFerenty Afferent, and Commissural Fibers* — Fibers 




Fig, 72. 



Diagram showing 
THB Relations of 
A Nervb Fiber 
TO A Nerve Cell 
AND A Muscle 
Cell. (E. H.) 

The line is the 
axis cylinder: the 
tube is the primi- 
tive sheath^ re< 
moved for most of 
the way; m^ muscle 
cell; If, nerve cell. 
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which connect a nerve center with muscles or glands are 
called efferent, or motor fibers; those which connect nerve 
centers with sense organs are named afferent^ or sensory 
fibers; and those which connect nerve cells with nerve cells 
are known as commissural fibers. 

Summary of Distribution. — To sum up, then: Each of 
these nerve fibers in a nerve ends centrally in a nerve cell, 
and outwardly in either a muscle cell, gland cell, or sense^ 
organ cell. And, further, in the nerve centers cells are con- 
nected with cells. 

Gross Anatomy of the Nervous System. — Having 
seen clearly the elements of the nervous tissues, we may next 
consider how these elements are gathered up into definite 
masses and tracts, and distributed in a grand system. Let 
us bear in mind that, however complicated it may be, its 
elements are nerve fiber and nerve cell. 

The nervous tissues are arranged in a great system which 
pushes its parts into almost every portion of the human body. 
Its great importance in the activity of the body and the 
connection it has with our means of gaining knowledge 
and of thinking, make it a matter of great interest to know 
its exact position in the body, and its relation to the other 
parts. 

A careful examination of the nervous system of some ani- 
mal small enough to be conveniently handled — for which 
purpose none is better than a frog or a cat — will be of 
greater aid than any description or chart alone could be. 
This dissection, however, to have such value, should be done 
well enough to show clearly all the parts as far as they can 
be seen well with the naked eye. 

The nervous system is regarded as divided into two gen^ 
eral divisions: 

The Cerebrospinal System and the Sympathetic System. 

The Cerebro-spinal System consists of a large axial 
portion, the hrain and spinal cord^ which is inclosed in the 



CRANIAL NERVES, 



215 



aocial skeleton, and forty-three pairs of nerves, which branch 
from this axis: twelve pairs from the brain, cranial nerves^ 
and thirty-one pairs from the spinal cord, spinal nerves. 

These forty-three pairs of nerves are 
white cords of considerable si^ze, composed 
of thousands of minute nerve fibers. These 
nerves run out from the spinal cord, giv- 
ing off, as they go, branches as smaller 
nerves; these again subdivide, until they 
reach the various organs of the body into 
which they enter, and in their tissues con- 
tinue their subdivision until the branches 
are so small that they can not be seen by 
the naked eye, and at last the fibers are 
distributed among the ultimate cells of 
the tissues in the organs. 

Spinal Nerves. — The spinal nerves 
are connected with the spinal cord by two 
roots, one from the anterior 
side of the cord, the anterior 
root; the other from the pos- 
terior side, the posterior root. 
Each root arises by several 
rootlets (Fig. 74). On the 
posterior root, near the point 
where it joins the anterior 
root, is a little knot of nervous 
matter called a ganglion. 
Cranial Nerves. — The cra- 
nial nerves arise from the brain as shown in Fig. 75. They 
pass through openings in the cranium, and are distributed as 
follows; 

The first, the olfactory^ to the membranes of the nasal 
passages. 

The second, the opiic^ ends in the retina of the eye. 




Fig. 73, 
Cerebro-spinal Axis. 



Fig. 74. 

Showing thb 
Two Roots 
OF A Spinal 
Nerve. 
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The third, fourth, and sixth, motor nerves, go to the mus- 
cles of the eye. 

The fifth, the trigeminal^ is a very large nerve. It is dis- 
tributed to the skin of the face, to the muscles moving the 
jaws, and fufnishes sensory nerves to the front part of the 
tongue (gustatory). 

The seventh, ox facial^ to muscles of the face. 

The eighth, the auditory nervey to the internal ear. 

The ninth, the glossopharyngeal^ partly to the tongue as 
nerves of taste, and partly to the muscles of the pharynx. 

The tenth, tht fneumogastric or vaguSy to the larynx, lungs, 
liver, stomach, and breast, and is mainly sensory and inhib- 
itory. 

The eleventh, the spinal accessory y to muscles of the neck. 

The twelfth, the hypoglossal, to the muscles of the tongue. 

All those nerves which join the brain and spinal cord so 
distribute their fibers in these organs that they finally end 
centrally in their nerve cells. Thus, the cells of the other 
tissues of the body are connected with the nerve cells of the 
brain and spinal cord, as has been before shown. 

Membranes of the Brain and Spinal Cord. — The brain 
and spinal cord, as they lie in their bony canal, consisting of 
the skull and the upper part of the spinal column, are covered 
over with three membranes formed of connective tissue. The 
first, or outer coat, is a very dense, tough one, the dura mater. 
It holds the parts firmly in the bony canal. The inner mem- 
brane, the pia mater^ is applied directly to the brain and 
spinal cord, and is of delicate texture. It carries a great 
number of blood vessels, which, branching out from it by a 
fine network, penetrate the nervous tissues and furnish them 
with an abundant supply of blood. 

The middle coat, the arachnoid membrane^ is of a very 
loose texture, its middle portion containing large spaces 
filled with a serous watery liquid, by which means the brain 
and spinal cord may be said to have a watery cushion cover- 
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ing them and tending to equalize any pressure which may b 
applied at any point on their surface. 

The membranes are sometimes called in anatomy the 
cerebrospinal meninges^ and an inflammation of them con* 
stitutes a very dangerous disease called cerebrospinal menin- 
gitis. 

The dura mater and pia mater are continuous with the 
sheaths of the nerves which leave the brain and spinal cord. 

Blood Vessels and Nerves of the Brain and Spinal 
Cord. — The brain, spinal cord, and nerves, at least the large 
nerves, have their own blood vessels and nerves distributed 
to them, as do the other tissues of the body. 

The Spinal Cord. — The spinal cord is that part of the 
nervous axis which extends from the foramen magnum in the 
occipital bone down to about the second lumbar vertebra. 
(See Spinal Column.) It is about as thick as one's little 
finger, and eighteen or twenty inches in length. 

The end of a portion cut across would show that it is a 
double organ, the two halves being united by a small portion 
in tfie center. The cut end would show an H -shaped gray- 
ish central portion, the parts around it being white. This 
gray portion is composed of immense numbers of nerve 
cells, among which run many fibers. The white portions are 
the cut ends of multitudes of nerve fibers which are going to 
lower or higher parts of the spinal cord, or to the brain. . The 
white part of the spinal cord may be considered as a large 
nerve, the gray core as a series of ganglia. 

The Brain. — The brain (Figs. 75, 76) is that portion of 
the nervous system which is encased in the skull. A study 
of its development shows that it may be considered as the 
anterior end of the spinal cord immensely developed and 
specialized. It consists of a fore-brain^ a mid-brain^ and 
hind-brain. 

The Cerebrum. — The fore-brain consists of the large por- 
tion in front called the cerebrum. 
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The cerebrum is made up of two hemispheres— right and 
left — separated from each other by a deep fissure, at the 
bottom of which the two halves are connected by large ncrv* 



Fig. 75. 

Vbrtical Skctiok of 
spinal nerves; the oUier nerees are the craofai nerves, which are Icnown in Ibe order 

ous masses, the most conspicuous of which is the corpus 
eallosum. {See Fiff. 75, CC.) t 

Convolutions. — The surface of the cerebrum is covered 
with many winding ridges called convolutions, a means by 
which the surface of the brain is increased to about four 
square feet. 

Cerebral Ganglia.^At the base of the hemispheres 
are several paired masses of nervous matter, the largest of 
which are (Fig. 85) two^one lying somewhat in front, the 
corpus striatum; the other a little back of this pair, tha 
i^tie thaiamus. 
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The M!d-bra!n. — The mid-brain consists of two pairs of 
ganglia, just back of the cerebral ganglia, known as the cor- 
pora quad- 
rigemina. 
The Hind- 
brain 

Th5 hind- 
'.rain is com- 
posed of the 
medulla ob- 
longata and 
, the eerebel' 

turn. 

The me- 
dulla oblott' 
gata is con- 
tinuous with 
the spinal 
cord below 
and with the 
mid -brain 
and c e r e - 
fjg, 7ft brum above. 

View op thb Basb OT tub Bhain. The Cere- 

^, fronlal lobf of Mrebnim; M. meduna; C6. cerebellumi bellum IS a 

caMed crura ci^iir!. Between ^and the root of 7 is the /Wm large maSS 

roro/H, bands of fitwragoing to thE cerebellum. Thp numbws , . , 

refer to the roots of the cranial nerves, as giien in the lent. W h 1 C h IS 

borne on the back of the medulla oblongata, and is imme- 
diately connected withit. It is covered with numerous paral- 
lel ridges, which answer somewhat to the convolutions of the 
cerebrum, and are a means of increasing the surface of the 
gray matter which covers it. 

The Arrangement of the Gray and White Matter in 
the Parts of the Brain, — The gray matter — that is, the 
nerve cells — ^in the cerebrum makes a layer over the sur- 
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face of the convolutions about an eighth of an inch thick. 
This layer follows the convolutions of the brain closely 
through all ita fold- 
ings, even down into 
the mass of the cere- 
brum. Large quanti- 
ties of gray matter are 
also found in the gan* 
glia at the base of the 
cerebrum, the optic 
thalamus, and the cor- 
pus striatum. In the 
mid-brain there is a 
considerable amount 
of gray matter all 
through the ganglia. 

In the medulla it 
forms several groups 
and bands. In the 

cerebellum, as in the ^. 77. 

cerebrum, it forms the ^'""' ^^ """ Abo™. 

thin outer layer on the surface of the convolutions, and also 
makes up ganglia deeper in its masses. 

The white matter occupies the other portions of these 
parts. It is necessary to remember constantly that the white 
matter is composed of fibers. These fibers in the cerebrum — 

1. Connect the cells of convolutions on one hemisphere 
with those on the other. 

3. Some of those of the same hemisphere with their 
neighbors. 

3. Those of the convolutions with those of the ganglia at 

the base of the cerebrum. 

4. Others connect cells of the hemispheres with nerve 

cells, either of the medulla, cerebellum, or spinal 
cord, and possibly they have other connections. 
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The white matter oj 
the medulla is large in 
amount, and consists of 
the fibers which pass to 
the brain from below or 
vice versa, of those pass- 
ing to the cerebellum, 
and of those originating 
in the medulla. 

In like manner, the 
white matter of the cere' 
bellum consists of great 
bands of fibers connect- 
ing its layer of surface- 
gray matter and its gan- 
glia with the cells of the 
cerebrum, medulla, and 
spinal cord. 

Some white matter in 
these are the fibers that 
these parts send out to, 
or receive from, still 
other parts of the body. 

The Sympathetic 
System — The Sympa- 
thetic System consists of 
a number of little gan- 
glia distributed through 
the body, which give 
origin to a very compli- 
cated network of nerves 
which are distributed to 
all the viscera and to the 
'*' ' _ muscle cells in the coats 



GGG, etc., ciuda bucUa on one ^de. of the arteries. 
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The main ganglia of this system are arranged in two chains, 
which are in front and a little to each side of the spinal 
column. Each ganglion is connected with its neighbors by 
commissural nerves, and with the nearest spinal nerve close 
to the point where it leaves the spinal cord. 

Besides these chains of ganglia, many ether sympathetic 
ganglia exist in other parts ; for example, there are several 
in the heart. The name " sympathetic " is not to be taken 
as indicating any special function distinguishing it from the 
cerebro-spinal system. The latter system is for the purpose 
of bringing distant parts into relation or ** sympathy " as well. 

Indeed, it is known 
that the cerebro-spi- 
nal system furnishes 
a large part of the 
fibers which run in 
the sympathetic sys- 
tem. 

There is still doubt 
as to the real nature 
of the functions of 
many of the sym- 
pathetic ganglia. 
Comparisons 
with Nervous Systems of Lower Animals. 
— For comparison it would be very profitable as 
well as interesting to examine the nervous sys- 
tems of some of the lower animals. 

Fig. 79 shows a sketch of the nervous system of a 
star- fish, which consists of ridges of cells hardly to 
be separated into ganglionic cells and nerve fibers. 
The nervous system of a fresh-water mussel 
consists of three pairs of ganglia, with connecting <Frora. Lang.) 
nerves and nerves for the distribution to other parts of the body. 
Fig. 80 is that of a crawfish. Here we have a row of gan- 




Fig, 79. 

Nervous System of a Star -fish. 
(From the object by E. H.) 



Fig. 80. 

Nervous Sys- 
tem OF A 
Crawfish. 
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glia with its nerves. That of a fly (Fig. 81) is much on the 

same plan. 
Among the vertebrates, the nervous system is for the most 

part on the same plan as in man, 
the greatest difference among them 
being in the development of the 
brain, especially the cerebrum, 
which in man reaches its highest 
development. 

It is very instructive to prepare 
brains of a fish, a frog, a bird, a 
dog, and a cow, to compare with 
the figure of the brain of a man. 




Fig. 81. 

Nervous System op a Fly. 
(From Lang.) 



Directions for Practical Work. 

To understand the distribution of the 
nervous system it is very desirable that a 
careful dissection of the nervous system of 
some animal be made. This is easiest done 
in the frog or toad. 

A somewhat larger animal, while it re- 
quires more trouble, is more satisfactory. 
A chicken, a rabbit, or a cat is generally the most available. 

Th'e animal should be fastened as in other dissections, the viscera all 
removed, and the body made clean. The skin should be removed only 
so far as is necessary to expose the parts to be examined, and then in such 
a way as to allow laying it back again over the parts. 

The chain of ganglia of the sympathetic system may be found in the same 
position and of the same form as shown in GGG^ etc., in Fig. 78. 

This, as well as every dissection, requires care, patience, and intelli- 
gence. Many beginners cut everything to pieces and confuse the whole 
before having a chance to see any thing. One might as well hammer a 
watch to pieces and then try to make out its parts. 

When one ganglion is discovered, by tracing out its nervous connec- 
tions others will be found, and the majority can be made out. Many of 
the nerves were removed with the viscera. 

For the cerebrospinal system^ one may begin by separating the muscles 
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of the fore leg until he comes upon a nerve» which may be easily distin- 
guished from a tendon or the blood vessels by the knowledge gained of 
these organs in the former study of their form and connections 

Having found a nerve, trace it toward the spinal column, taking care 
not to cut or break it. Indeed, cut only what h necessary to expose the 
nerve. 

By following this nerve, it will soon be found to be connected with a 
network of nerves, the individual ones of which if traced up to the back- 
bone on one side and toward the foot on the other, will lay bare the 
nervous system of the leg. 

It may then be seen how some nerves go to the muscles and some to 
the skin, and how all come from the spinal cord. 

The same methods may be pursued with the hind leg with similar results. 

If one desires to learn the names of the nerves, he will find that as they 
closely correspond in distribution to those of the human body, any of the 
works on human anatomy, some of which are accessible in every com- 
munity, will contain the names and complete descriptions of their distri- 
bution. 

To remove the parts and expose the brain and spinal cord is a more 
difficult task. It is a matter of sawing and breaking' the bone by means 
of nippers, and of patiently cutting away the flesh. 

The brain in so small an animal as a rabbit can be taken out without 
much trouble, and it is still easier to remove the brain of a chicken. 

It is desirable to study the brain of a lai^er animal, for which that of a 
sheep is perhaps the best and most easily obtained. It is best to examine 
one brain fresh, and place another in alcohol for a few days» so that it 
will become hardened sufficiently to allow of dissection. The fresh brain 
is so soft that it can not be dissected in detail. The alcohol should be of 
three or four times the amount of the brain, and the brain so placed in it 
that the alcohol may be in contact with its whole surface. 

Refer to the figures in the book for the names and parts of the brain, 
as these brains are on the same plan as that of the human brain. 

If the attempt to expose the spinal cord is a failure by the method given 
above, the whole spinal column may be sawed in two, lengthwise, as the 
butcher does the beef. This may be done so as to leave a large part of 
the cord still in its cavity. This will afford a means of seeing its relations 
to the spinal canal, its coats, and many of the roots of the nerves. 

This section also shows the arrangement of the vertebrae and the way 
they articulate. Indeed, on any day one can see at a butcher shop a 
beautiful section of this whole arrangement, made without any trouble of 
expense to himself. 
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For microscopic examination of nerve fibers, those of a frog or toad can 
be examined with but little more trouble than by teasing the fibers apart 
in water slightly salt or in saliva. If well separated, the fibers will appear 
somewhat as in Fig. 70. 

But to show the complete structure of nerve fibers and of nerve cells 
will require more special histological methods. A few prepared slides are 
veiy valuable in making the subject clear. 



Review Questions. 

1. Describe the naked eye appearance of nervous tissues. 

2. Of what is the gray and of what the white matter 
composed ? 

3. Describe a nerve cell. 

4. What is the relation of a nerve cell to a nerve fiber? 

5. What are the parts of a nerve fiber ? 
6/ Which of these is the essential part ? 

7. Describe the structure of a ganglion. 

8. Explain the structure of a nerve. 

9. How large are nerves ? 

10. What is the true relation of the nerve fiber to the 
nerve ? 

11. How do the nerve fibers terminate centrally ? 

12. With what are the outer ends of the nerve fibers con- 
nected ? 

13. What part of the nerve fiber is actually connected 
with the cells in which it terminates ? 

14. What are afferent nerve fibers? What are efferent 
nerve fibers ? Commissural fibers ? 

15. Draw a diagram to illustrate a nerve fiber and its con- 
nections. 

16. What are the great divisions of the nervous system ? 

17. Of what does the cerebro-spinal system consist ? 

18. What is a spinal nerve ? 

19. What is a cranial nerve ? 

20. Point out in Fig. 75 the cranial nerves. 
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21. What are the coverings of the brain ? 

22. How are they arranged ? 

23. What of the coverings of the spinal cord ? 

24. What of the blood supply to the nervous system ? 

25. What is the position of the spinal cord? 

26. Describe its form and structure. 

27. What are the main divisions of the brain ? 

28. Describe the cerebrum. 

29. What are the convolutions ? 

30. Where are the opHc thalami and the corpora striata f 

31. Locate the mid -brain. 

32. Of what is the hind-brain composed ? 

33. Describe each part. 

34. Give the arrangement of the gray and white matter in 
each of the parts of the brain. 

35. What parts do the fibers connect ? 

36. Of what is the sympathetic system composed ? 

37. What is the distribution of its parts ? 

38. Compare the nervous systems of some ot the lowei 
animals with that of man. 



CHAPTER XVIII. 

THE PHYSIOLOGY OF THE NERVOUS SYSTEM. 

Function of the Nervous System in General. — The 
main use of the nervous system in those animals which pos- 
sess it is to serve as a means of communication between the 
various groups of cells in the different parts of the body, and 
to put it in communication with the external world. It is 
only by communication of some kind that things at a distance 
from each other can act in concert. 

For example, the sight of a coin on the road mav lead us 
to pick it up. But in order that such an action may be 
brought about, the cells in the eye which are affected by the 
light from the shining coin must be in communication either 
directly or indirectly with the cells of the muscles which are 
stimulatea to contract to produce the act mentioned. 

This act is itself a very complex one. The picking up of 
the coin employs not one muscle alone, but many — indeed, 
very many; it may be the majority of those in the arms, legs, 
trunk, head, and neck. These different groups must alter- 
nately contract and relax in just sufficient amounts to pro- 
luce all the particular flexions and extensions necessary for 
this complex act. 

That the body may arrive at the proper position, and that 
the hand may strike just the right point, the eye must look 
again and again; this involves other sets of motions of the 
eye itself and the formation of judgments by which the vari- 
ous acts employed are guided. Other parts of the body, 
such as the heart and the respiratory muscles, would also 
have to modify their action somewhat to suit this case. 

(227) 
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of individuals, living together and beginning to make a 
division of the labor of the community for their own advan- 
tage, are compelled to communicate with each other. 

If the community is small, each one may carry his own 
message, and the work go on pretty well; but when the com- 
munity is divided up into many parts, which are scattered 
over larger areas, then there spring up special systems of 
communication, and commissions to manage and make the 
best use of all the knowledge which comes to each. 

This state of affairs gives rise to the many forms of com- 
munication, and demands that a part of the community 
devote their whole time to this special business. 

Among the lower animals, those called protozoa (Fig. 5) 
are like the man living alone; the hydra, with its groups of 
cells, each cell passing the impulses it receives to its neigh- 
bor cells, and these to the next, is represented by the small 
community; while one of the higher animals, with its im- 
mense groups of cells scattered at great distances, is paral- 
leled by a great nation, like our own, with its intricate sys- 
tems of communication by wire, railroad, steamboat, stage, 
and messenger, employing for this work exclusively a vast 
army of men and much capital. 

Properties of Nerve Tissues. — The action of the whole 
nervous system, like the action of any other kind of mechan- 
ism, depends upon the properties of its elements and the 
manner in which they are connected, each of which we may 
now study in more detail. 

The Property of the Nerve Fiber. — The nerve fiber is 
so composed that it has a better developed power of con- 
duction than that possessed by any other substance in the 
body. The impulses which it can conduct start from either 
of two sources: 

I. From some sense-organ cell, in which case the impulse 
is transmitted by the nerve fiber to a nerve cell in the 
nerve center; 
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2. From a nerve cell in a nerve center. In this case, of 
course, the impulse is conducted either outward to 
some muscle cell or gland cell, or it may be conducted 
to another nerve cell in that, or a distant, nerve 
center. 

The " conduction " depends on the fact that the protoplasm 
(living substance) of the sense-organ cell is continuous with 
the protoplasmic thread core of the nerve fiber. This is 
again continuous with the protoplasm of the nerve cell of 
the nerve center. 

This protoplasmic thread, traced in the opposite direction, 
comes to the muscle fiber, as we have seen; and its proto- 
plasm touches that of the muscle cell. Thus we have a con- 
tinuous protoplasmic path from the sense-organ cell through 
the nerve center to the muscle cell. 

Property of a Nerve Cell. — The nerve cell differs from 
the other tissue cells in being extremely sensitive to the 
impulses brought to it by nerve fibers. The chemical com- 
position of its protoplasm will change by the slightest 
stimulus. 

In the mechanical arts, we make use of chemicals which 
will readily decompose and produce a vast amount of energy 
of another kind (mechanical) by means of a small stimulus. 
Examples such as gunpowder, dynamite, explosive mixtures 
of many kinds, may be named. 

In the animal body, nerve cells are similar to these sub- 
stances, with the exception that they, when stimulated, give 
rise to large amounts of nervous impulses instead of an 
explosion. The explosives are used to blow up stumps, 
split rocks, throw bullets, or run machinery (gas engines); 
but in the body the nerve cells are caused to give out nerv- 
ous energy to contract muscles. 

The function of these nerve cells, then, is to be sensitive 
to impulses from without, or to changed conditions within 
themselves; and, answering to these stimuli, to discharge with 
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increased energy these impulses down their natural con- 
ductors — the nerve fibers — to muscle cells and glands. 

These relations may be made clearer by the study of the 
diagrams represented 
in the following figures. 
In Fig. 82 we have the 
simplest arrangement. 
Let us study how this *• 
apparatus may act. If 
we may press upon the 
sense-organ cell, ^S", in ^9* S9. 

the figure an aooara* diagram op a simple nervous mechanism. 

It •^' sense-organ cell ; N^ nerve-center cell ; M^ 

tUS SO adapted as to be muscle cell. On the right is an afferent nerve 
. . , , . fiber, on the left an eflferent nerve fiber. 

irritated by such pres- 
sure — this irritation sets up a series of changes which are 
conducted along the core of the afferent nerve fiber; these 
arrive quickly at the nerve-center cell, N. 

This is composed of chemical substances which are readily 
affected by this little impulse; as a result, it discharges a 
stimulus down the only outlet to its energy, the core of the 
other (efferent) nerve. This brings this impulse finally, with 
a shock, to the protoplasm of the muscle cell, M, 

By this piece of mechanism, then, with its five parts, each 
with its own peculiar property, a motion at one place could 
be produced by a pressure at another place. 

Nature of a Nervous Impulse. — The nature of the 
impulse that passes along the nerve fiber has been the subject 
of much speculation among physiologists. The form of the 
apparatus and its apparent mode of conduction has sug- 
gested to many that it is an electrical current However, it 
seems to be pretty clearly proved that it is not electricity. 
Still, it is probable that it is some form of molecular motion 
conditioned by the peculiar form of the molecule of living 
nerve substance. 

The nerve is not a good conductor of electricity, and the 
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velocity of the nervous impulse — about one hundred feet per 
second — is very much slower than that of electricity. 

Comparison of Nervous Mechanisms to Mechanical 
Inventions. — Man has invented many pieces of apparatus 
which perform different kinds of actions by touching a but- 
ton, a knob, or lever, which can be compared in many ways 
to this simple mechanism in the body. 

Increase of Number of Elements. — Now we can make 

our mechanism much more 
complex by increasing slightly 
the number of elements. In 
Fig- ^3> the diagram repre- 
sents the former one several 
times repeated and connected. 
In this group are nine nerve 
cells, which may represent a 
nerve'center or ganglion. They 
are connected with each other 
by nerve fibers, and also with 
muscle cells {M\ and with 
gland cells {G\ and with sense- 
organ cells. The arrows indi- 
cate the direction of the im- 
pulses, whether efferent or 
afferent. 

Now, it is easy to see that 
an impulse coming from any 
cell marked S might affect several muscles; or, if impulses 
should soon follow from one of the other cells marked S^ or 
from some other source, or from them all at the same time, 
the result on the muscles and glands would be hard to pre- 
dict. It can easily be seen that it would be the result of 
what the nerve cells would make of so many stimuli, and that 
the result would depend much on the way they were con- 
nected. 




Fig. 83. 

A COMPLEX NERVOUS MECHANISM. 

St sense-ore^ cells ; (?, inland cdls ; 
if, muscle cells. 
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Now, if we should immensely increase the number of the 
elements represented in these diagrams, and then gather 
together the nerve cells into the gray matter of the brain, 
spinal cord, and ganglia, and the fibers into groups, having 
their outer ends connected with the muscle cells and gland 
cells, and their inner ends with the nerve cells, we should 
have our nervous system. Thus we see that it is a very 
complex mechanism. 

Or, to put it another way, if we could separate all the 
nerve cells and fibers in the nervous system without breaking 
any of their connections, and then magnify the whole very 
much, there would be represented to us for every nerve leav- 
ing the brain or spinal cord thousands of fibers finding every 
muscle cell, gland cell, and sense-organ cell in the body. In 
the opposite way, they would be seen to end in millions of 
nerve cells, which would again be connected with each other 
in such an intricate way* as to confuse us with its complexity. 

Definite Plan in this Complexity. — But with all this 
complexity there is no confusion in the working of this 
mechanism. The connections are so perfect that if certain 
sense-organ cells on the hand are touched with, a hotwire, 
just the right muscles contract to pull the hand away. When 
the light from a shining coin comes to the eye, just the 
proper sets of muscles can be brought into use to pick it up. 

Nerve Stimuli. — By studying the muscle and nerve in a 
frog's leg, as described before, physiologists have learned 
some interesting facts about the nerve. Its natural stimuli 
are impulses starting from the changes in nerve cells. But a 
hot wire applied to the end of a nerve will make the muscle 
contract; so, also, will certain chemicals, or a pinch (mechani- 
cal stimulus), or electricity. Thus, these are stimuli for 
nerves as well as for muscles. (See the chapter on Muscles.) 

Velocity of Nervous Impulses. — The velocity with 
which a nervous impulse travels along a nerve has been 
measured and found to vary somewhat with the conditions 
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of the nerve, but it is about one hundred feet per second^ 
which is no faster than a railroad train sometimes moves. 
Since our nerves, even the longest, are but a few feet in 
length, the passage of the impulses seems instantaneous; yet 
if we had a nerve about seventy miles long, it would be an 
hour after injury received at the outer end before it could 
be felt in the brain. 

Conditions affecting the Activity of a Nerve. — Like 
the muscle, the activity of the nerve is quickly affected by 
cold or heat, overwork, lack of oxygen, or lack of nutrition. 
What is true of the nerve fibers is more emphatically true of 
nerve cells. That they may be properly active they must be 
constantly invigorated with good blood — that is, blood with 
plenty of oxygen and food supply; and they must have the 
carbon dioxide and their other waste products rapidly re- 
moved. 

If the artery taking blood to the brain be compressed for 
only a moment, it will cause fainting; this continued will 
cause death. If the blood supply to any other part of the 
nervous system is withheld for a short time, most serious re- 
sults are brought about. 

Reflex Actions. — An act performed by such a simple 
mechanism as represented in Fig. 82 is a simple reflex action; 
one performed by the nervous apparatus, described in Fig. 
83, is also a reflex action^ but a more complex one. A reflex 
center is distinguished by the fact that it acts only on receiv- 
ing an impulse from without. The group of cells taking 
part in it is a reflex center. A reflex center is one which will 
send out impulses when it ireceives a stimulus from the sen- 
sory nerves coming into it. It is easy to find reflex actions 
among the movements of our bodies. If one accidentally 
touches the hot stove with the hand, it is instantly drawn 
away. This is done by a reflex center in the spinal cord. 

Nerve fibers connected with the heated cells in the skin 
carry the impulses thus formed up the nerves of the arm to 
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the spinal cord, where they stir up a group of sensitive nerve 
cells to action. This immediately discharges an impulse 
down another set of fibers to certain muscles of the arm, 
which jerk the hand away. 

Now, this reflex center would do this even if it were dis- 
connected from the brain. Persons have, by a fall, or by 
means of a bullet, or in some other way, received such a 
severe injury as to cut off the lower part of the spinal cord 
from the upper part, and through this from the brain. 

When the foot of a person so affected is burned or pinched, 
the muscles move the leg just as they would with the unin- 
jured spinal cord. In the uninjured cord, not only does the 
reflex center receive the impulse from the burn and send out 
impulses to muscles to produce this reflex action, but it 
also allows impulses to travel on up to the centers in the 
brain, by which consciousness of the pain may be produced. 

If the head of a frog be cut off, the legs may be made to 
kick quite naturally by touching them. If a drop of irritat- 
ing liquid is placed on the skin of its back, it may be made 
to scratch that point, first with one hind foot, arid then, if 
the irritating liquid is not removed, with the other foot, or 
with both feet. All of the nervous system that is left with 
which to accomplish these actions are the spinal cord and its 
nerves. 

In like manner, a turtle with its head severed from its body 
may be made to swim, crawl, and perform many complex 
acts. No more familiar example of the bodies of animals 
showing activity even when the body is separated from the 
brain could be mentioned than that of the violent ones of a 
chicken immediately following the cutting off of its head. 
Such examples could be greatly multiplied, but these will 
answer our purpose. 

The fact should be emphasized that in these cases it ia 
the spinal cord that executes these motions, and does so only 
when stimuli come to it from without. In these cases^ if the 
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turtle or chicken were in no way touched, it would give no 

motions. 

Many careful investigations have shown that the gray 

matter of the spinal cord is for the most part a series of 

reflex centers. It may be said that otu of its chief functions 

is that of reflex action. 
These reflex actions may be so complex that it is hard to 

believe, when watching them take place, that they are not 

governed by intelligence in the decapitated animal, yet they 

are clearly only the result of the action of 
a very nicely adjusted piece of complex 
machinery. 

Spinal Cord as a Conductor of Im- 
pulses. — The other function of the spinal 
cord is that it acts as a conductor of the im- 
pulses from the brain downward to the 
motor nerves, and from the sensory nerves 
from below up to the brain. 

Course of the Fibers in the Cord. — 
The motor fibers which enter the cord by 
the anterior roots of the spinal nerves on 
the right side ascend to the brain on the 
right side of the cord, and seem mostly to 
cross and become connected with the left 
side of the brain. This crossing occurs 
principally in the upper part of the cord, 
and in the medulla oblongata. The general 
course of these fibers is shown in the dia- 
gram (Fig. 84), in which the dotted line M 
represents the course of the motor fibers, 
while the unbroken line 6*, that of the sen- 
sory fibers. The circle represents the 
brain, and the cylinder the spinal cord. 
The sensory fibers enter the cord by the posterior roots, 

and those that come in on the right side, for the most parti 
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Fig. 84. 

Diagram to show 
Course op Nerve 
Fibers in the 
Spinal Cord. 

Aff motor, and .S*, 
•ensory, fibers. 
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enter the gray matter and cross to the opposite side of the 
cord immediately, and ascend to the left side of the brain. 

This statement, while it holds good for the greater num- 
ber of the fibers of the cord, is not complete in the details of 
the paths of the fibers. The question of their complete dis- 
tribution IS too intricate to be discussed here. 

Paralysis. — From this crossing over of the fibers from 
one side of the body to the half of the brain on the opposite 
side we have the explanation why an injury to the left side 
of the brain may produce paralysis — that is, loss of motion 
and sensation — on the right side of the body, or vice versa. 

The crossing over of the motor fibers above, and of the 
sensory fibers below, accounts for the fact that an injury to 
the right half of the cord may produce loss of motion of the 
same side and loss of sensation on the opposite side. 

Reflex Centers of the Medulla. — The medulla oblongata^ 
like the spinal cord, has a number of reflex centers in it. 
The main ones which have been traced to it are: A center 
that winks the eyes; one that sneezes; one that coughs^ the 
one that controls the secretion of the saliva; the swallowing 
center; a center that produces the act of vomiting ; one that 
dilates the pupil oi the eye; and one \ki2X masticates the food. 
It also contains the group of cells that carries on the acts of 
breathing, and from this fact called the respiratory center. 

Respiratory Center as an Automatic Center. — While 
this center, or part of it, may be made to act as a reflex cen- 
ter — that is, acts of breathing may be made to take place by 
stimuli coming in from sensory nerves — yet it differs from 
purely reflex centers by having the power of periodically dis- 
charging impulses without receiving any nervous impulses 
from without to stimulate it to action. (See chapter on 
Respiration.) Such a center is known as an automatic center. 

Cause of the Action of the Respiratory Center. — The 
cause of the discharge of the stimuli in this case is probably 
in the condition of the cells in the center caused by the state 
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of the blood passing through it. As the blood becomes 
deficient in oxygen it causes the center to discharge an 
impulse which causes the respiratory act. This improves 
the condition of the blood, and the act ceases until the blood 
again loses its oxygen, when immediately another discharge 
takes place, and so on, keeping the respiration going. Thus 
a sample of the blood which the respiratory apparatus is 
working on to purify is sent through the center and made to 
regulate the rate and vigor of the machine. 

This is certainly as beautiful a contrivance as that of mak* 
ing some of the steam pass through a part of the machin* 
ery of an engine, to regulate the motion of the machinery. 
This is done at the part called the " governor. " 

Importance of the Medulla — Considering the number 
and the importance of the centers located in the medulla, 
the serious effect of even a slight injury to it may be under- 
stood. A small wound in certain parts would produce instant 
death by injury to the respiratory center. 

"Breaking the neck" results often in instant death by 
injury to the lower part of the medulla. Cattle are frequently 
slaughtered quickly and without pain by thrusting a sharp 
instrument so as to pass between the skull and the atlas, thus 
piercing the vital point. 

Economy of Reflex and Automatic Centers. — Reflex 
centers also exist in the brain, and many of the sympathetic 
ganglia have reflex functions. Only a little thought is neces- 
sary to perceive that the reflex and automatic centers are 
great labor-saving contrivances. 

The many complex actions involved in mastication, in 
swallowing, in digesting, in respiration, in circulation of the 
blood, in the action of the glands, and in most of the actions 
of walking, running, sitting, standing, balancing, in move- 
ments of the arms, and indeed the great majority of the actions 
which the body must perform in a single day, could not pos- 
sibly be done by our own conscious attention and effort 
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We are wholly ignorant of how to manage the greater 
number of these actions. In respect to the remainder, they 
are so very complex that we could not find the time to give 
attention to their working were we able to control each indi- 
vidual muscle, which is not the case. Instead of having so 
much fatal responsibility thrust upon us, we find in our bodies 
a large number of nerve groups which are parts of self-regu- 
lating mechanisms, which will carry on these operations with- 
out any thought or attention on our part, even while we are 
unconscious of our acts. 

The touch and sight of the ground will guide and regulate 
our steps. Touch and sight will control the motions of our 
hands in many forms of work. The contact of the food 
against the walls of the stomach will of itself bring on the 
proper motions and secretion of the juices and other condi- 
tions necessary to its digestion. 

In a thousand other ways the stimuli that come pouring 
into the nerve centers from the other parts of the body and 
from the outside world are made to work these mechanisms 
perfectly, so that the body can maintain itself a considerable 
length of time by these contrivances without the help of our 
consciousness. 

Functions of the Cerebellum. — The large size of the 
cerebellum, and the fact that it is by its numerous fibers con- 
nected directly with the spinal cord, medulla, and cerebrum, 
would lead us to suppose th^t it played an important part in 
the economy of the nervous system. However, it has not 
received that amount of study by physiologists that has 
been bestowed upon other parts of the nervous system. As 
the result of this, with other difficulties in the way, we are left 
without any great amount of definite knowledge in regard to 
its functions. 

It does not seem to be greatly, if at all, involved in psy- 
chical operations, as neither the will, sensibilities, nor the 
intellect seems to be affected by any injury to it. 
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Such injuries, however, always cause some loss of power 
to coordinate voluntary movements, but even this loss may 
be only temporary, unless the injuries are very great. For 
example, an animal with the cerebellum injured, while still 
able to move its limbs, and seemingly as intelligent as ever, 
loses its power to make the muscles work together well 
enough to walk straight, to fly, or even to stand. But it 
may finally recover this power without a restoration of the 
parts of the cerebellum that were injured. 

It would seem from all the experiments and observations 
made on the subject that, at least, it may be said to be a cen- 
ter for the more perfect coordination of the movements of the 
body, especially of the more delicate ones, such as balancing 
the body and those fine adjustments by which the wonderful 
movements of the hand and arm can be accomplished. 

Functions of the Mid-brain.— The functions of the 
mid-brain, the corpora quadrigemina^ in man are not known, 
but disease of this region affects vision and the power of 
coordinating movements. So this region seems to be con- 
nected with those operations. 

Psychic Centers. — The nerve centers thus far described 
are : (i) Reflex centers ; (2) automatic centers. There re- 
mains one other class of centers — (3) psychic centers. The 
psychic centers are distinguished from the other classes by the 
fact that they are connected with the mental operations — that 
is, those of the willy of the sensibilities y and of the intellect. 

The greatest interest is attached to this study of the parts 
of the cerebrum, for physiologists feel pretty sure that some- 
where among its groups of countless cells and its intricate 
labyrinth of fibers are to be found those cells whose wonder- 
ful office it is to be concerned with the processes of thought. 

The exact location of these favored groups has not yet 
been agreed upon. Many opinions have been more or less 
confidently advanced in regard to their location. 

The "seat of the soul " has been fixed at several different 
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points in the body, and some of these outside of the nervous 
system itself. But in many cases the selection of any par- 
ticular group of cells as the one connected with psychic 
operations exclusively has been a mere matter of opinion, 
based on fancy rather than the result of any scientific obser- 
vation and experiment. 

To-day, while there is pretty general agreement that the 
psychic centers lie somewhere in the cerebrum, yet, notwith- 
standing the immense amount of observation and experiment 
made in the investigation of this subject, physiological sci- 
ence does not assert with confidence the exact boundaries of 
the psychic centers. 

Evidence that the Psychic Centers are in the Cere- 
brum. — It is possible to remove the cerebrum from many of 
the lower animals without producing immediate death. 

An animal with the cerebrum removed, but with the other 
parts of the nervous system uninjured, may be able to per- 
form a great many complex movements; it may carry on res- 
piration, circulation, and digestion perfectly enough to keep 
itself alive for a considerable length of time. But in this 
condition a careful study of all its actions would show that 
they are all either reflex or automatic. 

All power of voluntary motion is lost. The animal mani- 
fests not the slightest evidence of any emotion, such as fear. 
It shows no longer the evidence of intelligence which its 
former actions manifested. In every way it is simply a 
machine. 

Compared with an uninjured animal, there is the immense 
difference which exists between the action of a blind ma- 
chine, and the action of one controlled by a will influenced 
by emotions and at least a degree of intelligence. 

In man, whenever the cerebral hemispheres are injured by 
accidental wounds or by disease, the mental operations are 
disturbed. 

Evidence from these two sources has been so multiplied 
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that there is no doubt that the psychic centers are within the 

cerebrum. 

Relation of the Nerve Centers to Each Other. — In 

the diagram shown in Fig. 85, the relation of the principal 

centers to each other and to the outer organs with which 

they are connected is shown. 
The upper folded part represents the gray matter of the 
convolutions. The two 
elliptical figures repre- 
sent the two largest of 
the ganglia described in 
the preceding chapter, 

^ The one on the left is 

the corpus striatum; t\it 
one to the right, the 
optic thalamus. The por- 
tion immediately below 
these is the medulla. 
The part below the me- 
dulla is part of the spi- 
nal cord. 1\ie cerebellum 
is shown on the right. 

The lines with the 

arrows are to represent 

„ „_ the nerve fibers, and the 

Diagram showing thb Rilatioh oi- hb C R direction of nerve im- 

BHO-SPINAL, NEBVE CEKTBKS TO EACH OTHER pulsCS alOng thcm. A 

AND thbih conkbctioji wiiM Sfnsb AND Qiuscle fibef IS rcprc- 

TheTpl^Iu'^ Is given In the le.t. Comp»e rented by M; and N, E, 
dbo Figs- 4j and 6,. f^^ a^j -pg^ represent 

the sense-organ cells of smell, sight, taste, and touch. For 
simplicity, the nerve centers of the medulla with the nerves 
are omitted, but the diagrams of the nervous control of the 
circulatory organs and of respiration may be compared with 
this (Figs. 61 and 45), 
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Let US consider for a moment, with the aid of Fig. 85, 
the operation of the nervous system. If the touch cell is 
pressed upon, impulses will travel along its nerve to the 
gray matter of the spinal cord. This will immediately send 
impulses out to the muscle cell {M)^ and, as the result, a 
motion is produced. This is a reflex action. But as the 
gray matter of the spinal cord is also connected with the 
optic thalamus, and this with the convolutions, impulses may 
arrive at the last point and give rise to the sensation of 
pain. 

This point of the gray matter of the cerebrum also has its 
cells connected with the cells of the convolutions. By means 
of these connections the various operations involved in think- 
ing a matter over take place, and the conclusion as to what 
is to be done in the case is reached. 

When the judgment is formed, the will sends a stimulus to 
the corpus striatum, from which it is forwarded to the spinal 
cord. This having received its orders from the higher cen- 
ter, proceeds to execute them through stimuli to muscles. 

Now, the stimuli may come in from E^ or Ta^ or possibly 
from all the incoming fibers, and from many other sources as 
well. In fact, stimuli are streaming into these centers all the 
time. 

The diagram shows very few elements. In the actual nerv- 
ous system these elements are many thousands of times mul- 
tiplied. Constantly over these intricate paths the nervous 
impulses are swiftly darting to and fro. 

Many coming in and passing out produce various motions, 
but no consciousness; while others, ascending to the higher 
centers, give rise in a mysterious way to the formation of 
ideas on the one hand ; or others, on the other hand, in a no 
less mysterious way, receive impulses from the will, which 
they finally convert into motions. 

The Effects of Alcohol on the Nervous System. — 
Soon after liquids containing alcohol are taken into the 
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Stomach the alcohol is absorbed into the blood vessels and 
distributed all over the body. It exerts an immediate effect 
on the central nervous system. The brain is especially af- 
fected. Even small doses will disturb the normal functions 
of the brain. This is shown in the false judgments one soon 
begins to make. The mildest examples of these are such as 
feelings of warmth or coolness when the subject is really no 
warmer or colder, or exaggerated views of the enjoyment or 
suffering that one may be in for the moment. Indeed it is 
mostly for the more or less exhilarating feelings that follow 
its immediate use that an alcoholic drink is taken. But such 
feelings are only the result of a deception in regard to the 
real condition, which is produced by a certain degree of dis- 
turbance of the normal action of the central nervous system. 
It is obvious that if for any considerable time we were de- 
ceived by our nervous system in regard to our actual state, 
and our relations to things around us, we must suffer from 
inability to adapt ourselves to these conditions. It would 
seem reasonable to suppose that an intelligent being would 
be anxious to have the highest functions of his body act as 
normally as possible. 

Larger doses of alcohol will increase this disturbance. The 
result is a greater degree of misinterpretation of the sensa- 
tions, a derangement of the judgment, a loss of power for 
intellectual acts, a loss of voluntary control over the muscles, 
and loss of power of coordination. In short, the powers of 
the intellect, the sensibilities, and the will are to a greater or 
less degree disturbed, or may be completely lost for the time. 
Of course, if this last stage should be continued for a length 
of time by repeated doses, only death could result. These 
last stages of excessive use of alcohol are well known to so 
profoundly disturb the functions of the brain as to result in 
frightful diseases, such as delirium tremens and insanity ; and 
they are the direct cause of some of the most terrible crimes 
committed by human beings. 
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Even the moderate use of alcoholic drinks, if habitual, will 
in time, in greater or less degree, produce structural changes 
in the brain. In some persons the results of such change 
may not appear on the surface, while in others they become 
most marked. As far as understood, they consist of greater 
development of other elements to the detriment of the nerve 
cells, and probably result from the general disturbance of the 
nutritive processes of the body, the evil effects of which the 
brain shares with the kidneys, liver, heart, and other organs. 

There is no doubt that alcohol acts on the various organs 
of the body largely through its influence on the nervous sys- 
tem. As many of these effects are shown on the body as a 
whole, it has been thought best to give a general discussion 
in a single chapter bringing together these facts and their 
significance. The student is referred to Chapter XXIl., 
pp. 288-294. 



Directions for Practical Work. 

Reflex Action. — If a hot object is touched with the tip of the 6nger, 
the hand will be found to move before the pain is felt. Of course, as the 
intervals of time are very short, it will require close observation to note 
this. What moves the hand ? 

Study carefully the motions of the body in attempting to walk a nar- 
row path, like a railroad track, and distinguish the voluntary from the 
reflex. Keep some one under observation for an hour, and of all the 
motions that the person makes determine which you think are voluntary, 
and which reflex. Analyze a number of common movements to see if 
any of them are due to reflex action. 

If a frog, toad, or turtle be decapitated, many very complex motions 
may be obtained from it by stimulating different parts of its body. These 
motions may be seen to occur only on the application of some stimulus. 

Parts of the bodies of animals lower than these, which still retain a 
portion of their nervous cord, will show reflex actions. 

The hydra, studied in this connection as an animal which produces 
motions without a nervous system, is instructive. 
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Review Questions. 

1. What are the general functions of the nervous system ? 

2. Illustrate this. 

3. What is coordination in the body ? 

4. How does the example given illustrate coordination ? 

5. What is the case with one-celled animals ? 

6. How is coordination accomplished in the hydra ? 

7. How do animals differ in this regard as we ascend the 
scale ? 

8. In what ways may the body be compared to a com- 
munity ? 

9. In such a community, to what may the nervous system 
be compared ? 

10. What is the function of a nerve fiber ? 

11. What are the sources of nervous impulses ? 

1 2. Upon what does the conduction of a nerve fiber depend ? 

13. What are the properties of a nerve cell ? 

14. On what does this property depend ? 

15. What substances outside of the body possess properties 
similar in this respect ? 

16. What are they used for ? 

1 7. What are the functions of the nerve cells ? 

18. Reproduce the diagram of the simple nervous appara- 
tus and explain its action. 

19. What mechanical advantages would be secured by 
such arrangements ? 

20. What is said of the nature of a nervous impulse ? 

21. What evidence is there against its being an electrical 
current ? 

22. What comparisons can you make to the nervous mech- 
anisms from among human inventions ? 

23. Reproduce Fig. ^z> ^^^ show what might result from 
such a nervous apparatus. 
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24. How are these elements of a nerve cell and nerve' 
fiber arranged in the nervous system ? 

25. What of the complexity of the system ? 

26. What of the plan in this complexity? 

27. What stimuli affect a nerve, and which one is made 
use of in the body ? 

.28. What is the velocity of a nervous impulse ? What 
velocity does a railroad train reach ? What is the velocity 
of sound ? What of light ? 

29. How does the velocity of a nervous impulse compare 
with these? 

30. What are the conditions" which affect the activity of 
the nervous tissues ? 

31. How may this be shown ? 

32. What is a reflex action ? 

33. Describe the reflex actions of the human body ? 

34. What is a reflex center ? 

35. What part of the nervous system may act as refle^j 
centers ? 

36; How has this been proved ? 

37. What of the spinal cord as a conductor of impulses ? 

38. Describe the course of the fibers in the spinal cord. 
Illustrate with a diagram. 

39. How does this explain certain forms of paralysis ? 

40. What are some of the reflex centers of the medulla ? 

41. What is an automatic center ? 

42. What is the cause of the action of the respiratory 
center ? 

43. What of the importance of the medulla ? 

44. Show how reflex and automatic centers are labor-saving 
contrivances. 

45. Give ten illustrations of this fact. 

46. What are thought to be the functions of the cerebel 
lum? 

47. On what evidence does this opinion rest ? 
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48. What is said of the functions of the mid-brain ? 

49. What is the classification of the nerve centers ? 

50. What are the psychic centers ? 

51. What is said of their location? 

52. Give the evidence for the view that these centers are 
located in the cerebrum. 

53. Reproduce the diagram in Fig. 85, and illustrate the 
general actions of the nervous system by this means. 



CHAPTER XIX. 

GENERAL SENSATIONS-SENSATIONS OF TOUCH, 

TASTE, AND SMELL. 

Sensation. — In the study of the nervous system it has 
been shown that there are two kinds of nerves : (i) Those 
that conduct nervous impulses out from the nerve centers — 
the efferent; and (2) those that conduct nervous impulses to 
the nerve centers — the afferent (or sensory, as they are also 
called). In very many cases it has been shown that the sen- 
sory impulses, coming into the centers, serve to start an out- 
going impulse without producing a consciousness of these 
impulses. This is seen in such reflex actions as are made 
use of in the circulatory, the respiratory, and other mechan- 
isms. 

When, however, the incoming impulses proceed to certain 
centers — the psychic centers — in the brain, and we are made 
conscious of their presence, sensations are produced. We 
then recognize a state of feeling in which we more or less 
clearly perceive something, such as the more definite things, 
as sound or light, or the less definite ones, as pain or hunger. 

The sensory nerves, which are the paths of these impulses, 
come from every part of the body. They are the source of 
all our knowledge of the world outside of ourselves; of our 
knowledge of the thoughts and actions of others, and of the 
state of our own bodies. 

Most of the sensory nerves have their outer terminations 

in the tissues in a manner not yet discovered. Certain of 

the sensory nerves are known to end in special forms of 

cells ; for example, those of the retina in the eye. These 

(250) 
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are so constructed as to be aroused into activity by some 
special stimulus, as light, in the case of the retina. 

The organs furnished with these special cells are called 
special-sense organs, and the sensations we obtain through 
their means are the special senses, which are at least six, viz. : 
the sight^ soundy taste, smell, touch, and temperature senses. 

General Sensations. — The other sensations, which de- 
pend on a variety of stimuli coming from many parts of the 
body, but not due, as far as we know, to any definite organs 
at the outer extremities of the nerves, are called the general 
sensations. Examples of these are hunger, thirst, nausea, and 
pain in its many forms; feelings of comfort or discomfort, of 
horror, and others hard to describe on account of their in- 
definiteness. 

The general sensations are of very great importance. 
Hunger and thirst, with the feeling of satisfaction when 
enough food or drink has been taken, have been referred to 
as indispensable guides in regulating the supply of food and 
drink. They drive us to the greatest exertion to secure the 
proper supply, if such exertion becomes necessary. 

These feelings are the result of the action of a portion of 
the nervous system which, while it has not been definitely 
isolated from the rest, still no doubt exists as a definite 
mechanism. 

Ideas Gained from the Sensations. — The ideas which 
we obtain of external objects are in the majority of cases, if 
not in all, the result of complex processes. When an organ 
of special sense is stimulated by an external object, the idea 
resulting is not the simple product of that single sensation, 
and is in no sense of the term similar to the stimulation. 
The idea ts the interpretation of the effect of the stimulus, 
which interpretation is made in the light of many experi- 
ences of the past, and is so complex that any analysis of its 
elements must necessarily be only approximate. 

Pain. — This sensation is graded through so many degrees, 
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from that of great intensity to that of a mere feeling of dis- 
comfort or annoyance, that it would be hard to define the 
term. Any sensory-nerve fiber seems to possess the power 
of giving rise to the feeling of pain. Even the same stim- 
ulus, while it is producing a pleasurable sensation, may, by a 
slight change in its intensity, or in the manner of its appli- 
cation, give rise to pain. 

By means of the sensations of pain, the body is stimulated 
to attempt to remove the causes which would result in its 
injury. Pain drives us to remove cinders from the eye, 
splinters from the fingers; to avoid water that is too hot, 
light that is of too great intensity, and a thousand injurious 
conditions, without waiting for us to learn just why they are 
injurious, or leaving to our negligent habits attention to 
these injuries. 

When we are called to consider the sufferings of those 
who have in battle or by severe accidents received serious 
wounds, it is a relief to know that the intensity of pain is 
not proportional to the severity of the wound. 

Livingston in describing his sensations when a lion sprang 
upon him and crushed his arm, states that he was almost 
without pain at the time. Soldiers who have received the 
most severe wounds describe sensations which seem incred- 
ible to us who judge from the pain of our own slight injuries. 

Special Sensation. — The essential parts of each special 
sense apparatus are: (i) Cells capable of being stimulated by 
the special form of energy that acts on that sense organ; 
(2) a nerve to conduct the impulses thus produced; (3) the 
nerve centers to receive the impulses and give rise to the 
sensation. The right half of the diagram in Fig. 82 would 
represent the essential parts of an organ of special sense. 

The Sense of Touch. — This sensation is aroused by 
pressure on some part of the skin, of the mucous lining of 
the mouth, or of the beginning of the nasal passages. 

It has been discovered that the sensory nerves in the skb 
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end in several differently and peculiarly formed groups of 
cells. Some or all of these, no doubt, contain the sense- 
organ cells of touch. 

These elements of the organ of touch are more numerous 
in the tips of the fingers, the palms of the hands, in the lips, 
tongue, and in the soles of the feet than elsewhere. They 
are, however, scattered throughout the skin. The pressure 
on the epidermis is communicated to these elements, which 
are special contrivances to convert the pressure into nervous 
stimuli. 

Location of the Point touched. — The part of the skin 
touched can be determined with a greater or less degree of 
accuracy. From some portions of the skin we gain much 
more definite knowledge than from others. Thus, with the 
eyes closed, we could not tell the definite shape of an object 
by having it brought in contact with the skin of the forehead, 
of the back of the hand, or, indeed, with most parts of the 
body. 

But if the object is examined with the tips of the fin- 
gers, or lips, or tip of the tongue, or by the toes, its shape 
can be made out. A pair of compasses may be used to 
determine the least distance at which two points on different 
parts of the skin can be distinguished as distinct locations. 
The distance will be found to vary all the way from one 
sixteenth of an inch at the tip of the tongue to three inches 
on the back of the neck. Thus it is seen, while every part 
of the skin will report the presence of objects, only certain 
parts will furnish very definite knowledge of them. 

Comparison of the Organ of Touch with other Sense 
Organs. — The other organs of the special senses might well 
be considered as more highly developed and more specialized 
touch organs. Just as in the skin some points are special- 
ized in such a manner as to give knowledge of form and 
temperature, so another part — that in the mouth — is special- 
ized to give knowledge of certain qualities of substances in 
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tolution, and a portion in the nose to give knowledge of 
gases. In the same way we have the retina of the eye and 
the auditory cells in the ear as definite areas to determine, 
the one light, the other sound. 

The Sense of Temperature. — The skin also gives us 
knowledge of the differences of temperature. Some of the 
sensory nerves of the skin end in organs whose special 
function is to originate nervous impulses in the nerve fibers 
with every change of temperature. Just which of the several 
kinds of sense-organ cells in the skin have this for their 
function is not known. But it has been proved t.hat the 
temperature sense-organ cells and nerve fibers are different 
from those of touch in many portions of the skin. 

The Sense of Smell. — The organ of smell is the mucous 
lining of the higher parts of the nasal passages. It covers 
over two projections of the ethmoid bone, known as the 
upper and middle turbinated bones. It also extends over 
the upper region of the septum, the partition between the 
nostrils. 

The lower turbinated bones have no fibers of the olfac- 
tory nerves distributed to them. Their mucous membrane 
bears ciliated cells. It contains nerves from the fifth pair, 
which render it very sensitive to the contact of foreign 
bodies. 

The Olfactory Cells. — The special cells which are af- 
fected by odors are slender cells wedged in among the 
column-shaped cells of the epithelium of the mucous mem- 
brane. Their outer extremities come to the very surface. 
The surface of the mucous membrane is constantly moist 
with mucus. 

The ends of the olfactory cells are connected with the 
fibers of the olfactory nerve, which is shown in Fig. 86. 
These nerves are shown also in Figs. 75 and 76. They are 
the first part of the cranial nerves. They branch while still 
within the skull into very many divisions, which come through 
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little perforations in a portion of the ethmoid bone. The 
brush of nerve fibers is shown in the figure below. The lower 
nerve shown in 
the same figure 
on the inferior 
turbinated bone 
is a branch of 
the fifth cranial 
nerve. 

The Sensa- 
tions of Smell, 
— The sensations 
of smell must be 
'■*• **• produced by the 

SBCmnr THK.UGH THE BONM OP THB Fach, TO SHOW dirCCt COntaCt Of 

the odors with 
the sense-organ cells. We know very littif of the nature ol 
odors, or of their manner of acting on the olfactory nerve 
cells. 

In ordinary breathing through the nose, enough air passes 
, above the inferior turbinated bones to reach the olfactory 
surfaces. This is sufficient for detecting any moderately 
strong odor in the atmosphere, but when we wish to examine 
the air carefully for odors, we sniff it with considerable force. 
This action throws the air in greater quantities directly 
upon the olfactory membrane. By this means astonishingly 
small amounts of odorous gases can be detected in the 
atmosphere. 

By the sense of smell we may distinguish a great number 
of different substances, but we are totally ignorant of how 
these differences are known. 

The Function of the Sense of Smell The function 

of the sense of smell is mainly to detect the presence of dele- 
terious gases in the air in breathing, and to aid in selecting 
food. In the lower animals it serves other functions as well 
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Certain of them find their food almost wholly under its direc- 
tion; others depend on it largely to warn them against enemies. 

Many animals make use of the sense of smell very largely 
in becoming acquainted with the things around them, and ip 
finding their way from place to place. The sense of smell 
in such animals as the dog, cat, and horse is more highly de- 
veloped than in man. Such animals in a wild state could 
not long survive the loss of this sense. In man its functiop 
is not so important. 

The Sense of Taste.— The parts of the mouth which 
seem to possess the power of tasting are the tip, root, and edg-es 
of the tongue, and probably the lower part of the soft palate. 

The sense-organ cells of taste are found in little (micro- 
scopic) bulb-shaped groups, called taste bulbs. The central 
cells of the bulb end externally at the surface, while the 
inner ends are connected with fibers of the nerve of taste 
(the glossopharyngeal and branches of the trigeminal). 

To produce the sensation of taste, the substance must be 
in solution. In consequence, the saliva greatly aids the sense 
of taste. 

The Varieties of Sensation of Taste. — We know very 
little .of the manner by which different kinds of tastes are 
produced. We recognize four kinds : sweet, bitter, acid, and 
saline. The flavors of foods and drinks are really smelled, 
not tasted, as is commonly thought. This can be proved 
easily by putting strongly flavored substances, such as a 
piece of onion or some food flavored with vanilla, into the 
mouth while the nostrils are securely closed, when it will be 
found that these substances have lost their characteristic 
taste. The different flavors of meats and fruits are wholly a 
matter of smell. 

The Function of Taste is mainly to aid in the selec- 
tion of food. It seems to be, together with smell, very gener- 
ally possessed by the lower animals; at least, they all show 
the power to select food. 
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The Muscular Sense, or Sense of Weight. — ^We can, 
independent of any other sense organ, determine the approx- 
imate weight of a body by lifting it. 

This IS determined by sensations which come either from 
nerves in the muscles themselves, or in some manner by the 
amount of exertion which the motor centers must put forth 
in the action performed. This is sometimes given as a spe- 
cial sense. By its means we certainly gain as definite ideas 
as by some of the special senses. 

This sense is constantly made use of to guide the effort to 
be made in each action. If it were not for this sense, what 
was meant for a gentle filotion might turn out to be a rough 
one; nothing could be handled in the proper manner. 



Directions for Practical Work. 

With a pair of compasses, whose sharp points are guarded with little 
pieces of cork, test the skin at different points to see what is the least 
distance at which two points can be distinguished as two. 

Cross the first and second fingers, and while the eyes are closed place a 
pencil between the two ends of the crossed fingers, and the pencil will 
appear to be two objects. Explain. 

By means of a rod of metal heated by dipping it into a vessel of hot 
water, determine those portions of the surface of the skin most sensitive 
to heat. 

If, while the tongue is dry, dry quinine or sugar be placed on its sur- 
face, it will produce no taste. Why? 

By means of a small brush, test different parts of the tongue with solu- 
tions of bitter, sweet, sour, and saline substances, to determine where 
each is best distinguished. The amount used must be small and the 
mouth rinsed after each test is made. 

Close the nose and put a bit of onion in the mouth. Its " onion taste ^ 
can not be distinguished until the nose is opened. Other substances 
with flavors may be tested in the same way to show they are smelled and 
not tasted. 
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Review Questions. 

1. In what case may impulses from an afferent nerve not 
produce consciousness? 

2. When do they produce sensations ? 

3. Where are the sensory nerves ? 

4. How do they terminate ? 

5. What are the special senses ? 

6. What are general sensations ? 

7. What can be said of their importance ? 

8. What is said of the ideas gained from sensations^ 

9. How is pain produced ? 

10. What are the uses of pain ? 

11. What are the essential parts of the sense apparatus? 
Illustrate by diagram. 

1 2. How is the sense of touch aroused ? 

13. How do sensory nerves end in the skin ? 

14. Where are the elements of the organ of touch most 
numerous ? 

15. What is said of the definite location of the point of the 
skin touched ? 

16. What parts give most definite knowledge of the shape 
of an object ? 

17. How may the sense of touch be compared with other 
senses ? 

18. What is the sense of temperature ? 

19. Where are its nerves and sense-organ cells? 

20. What and where is the olfactory region ? 

21. What is said of the olfactory cells ? 

22. Where is the olfactory nerve, and how is it distributed ? 

23. What nerve is distributed on the inferior turbinated 
bones ? 

24. To what is it sensitive ? 

25. How are sensations of smell produced ? 

26. What is the means of getting the odors in greater 
abundance to the olfactory surface ? 



REVIEW QUESTIONS. 259 

27. What are the functions of the sense of smell in man ? 
In the lower animals ? 

28. What parts of the mouth are sensitive to taste t 

29. How are the sense-organ cells of taste arranged ? 

30. What conditions are necessary to taste ? 

31. What are the nerves of taste ? 

32. What are the varieties of taste sensations ? 

33. What are flavors ? 

34. What are the functions of taste ? 

35. What is said of the muscular sense ? 

36. What are its functions ? 



CHAPTER XX. 

THE EYE AND THE SENSATION OF SIGHT. 

The Sensation of Sight. — The essential parts of the ap- 
paratus for sight are : the retina, the optic nerve, and the 
nerve centers with which its fibers are connected. The visual 
apparatus in many of the lower forms of animals consists of 
no more than these three essentials. In such a case the 
cells which are affected by the light are placed among the 
epidermal cells of the skin. They are really another form of 
epidermal cells. The nerve fibers end at their lower extrem- 
ity, and connect them with a nerve center. Such an eye, as 
in the star-fish and in many other animals, certainly can not 
see much. It can detect the presence or absence of light, 
and perhaps that is all it can do. 

Between such a simple eye as that and the very comn^ex 
visual apparatus of man there are in the animal world ex- 
amples of every degree of complexity. But in all there are 
cells affected by light (retinal cells), a nerve, and a nerve 
center. This explains further what is meant by the three 
parts given as being essential. All the parts of the human 
eye, except the retina and the optic nerve, must be con- 
sidered as accessory parts, whose functions are to bring the 
light in certain ways to the retina. 

The Globe of the Eye.— The globe of the eye (Fig. 87) 
is formed on the plan of a photographic camera, in which the 
sensitized photographic plate is replaced by the re/ina (<j, 
dj b). The firm walls of this camera are made up of the 
cornea (i), the clear transparent; membrane in the center of 
the front of the eye, and the sclerotic coat (2), the tough 

(260) 
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white portion seen just back of the edge of the cornea. It 
extends around the whole of the back of the eye, except 
where the optic nerve enters the globe. At this place it is 
continued as the sheath of the optic nerve (2'). 

The sclerotic coat is immediately lined by a dark-colored 
coat, the choroid (3), which is crowded full of blood vessels, 
whose blood furnishes the main supply of the nutrition of the 
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Fig. 87. 

Sbction of thb Eyb. 
The explanation is {jfiven in the text. 

eye. The choroid coat is continued forward into the circular 
curtain just back of the cornea, called the iris (7). 

The iris is plainly seen as the colored part in the front 
portion of the eye. The dark round spot in its center is the 
pupil^ and is an opening in the curtain. It is black simply 
because it is the open window of a little room whose walls 
are dark. 

The retina lies next to the choroid. Its structure will be 
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discussed presently, but it may be stated here that its special 
tissue is supported by a peculiar connective tissue, whose 
elements are continued forward and join the capsule of the 
crystalline lens (12) and hold that organ in place. Thus it 
is seen that the walls of the camera box consist of three 
layers. 

The walls are held out in a globe shape, mainly by the 
vitreous humor (13), which fills all the space between the 
crystalline lens and the retina. It is a transparent substance 
having the appearance of jelly. 

The aqueous humor consists of a few drops of a liquid like 
water. It fills the space between the lens and the cornea and 
serves to hold the latter out in a convex shape. It is trans- 
parent (11). 

The Lenses of the Eye. — Like the camera, the eye car- 
ries in its front part lenses whose action on the light is to 
make on the back part of the eye distinct images of the ob- 
jects before it. The front lens is formed by the cornea with 
the aqueous humor behind it. The next is the crystalline 
lens. 

The Cornea. — This is the front transparent portion of 
the globe of the eye. By examining the eye of one's com- 
panion from the side, it is seen to project slightly beyond the 
general curvature of the ball of the eye. It is simply a con- 
tinuation of the sclerotic coat made transparent. 

The Crystalline Lens. — This is usually known as sim- 
ply the lens. It is a beautifully transparent solid body, about 
one third of an inch in diameter and about one fourth of an 
inch in thickness. It is doubly convex, being more convex 
behind. 

It is surrounded by a thin membrane, the capsule, whose 
edges extend and become the means of holding the lens in 
place. The lens is elastic. The inner margin of the iris 
rests on its front surface. 

The Ciliary Muscle. — Just beyond the outer margin of 
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the iris and at the front portion of the choroid coat (4 and 
4' in Fig. 87) is the ciliary muscle. This is a circular band 
of involuntary muscle fibers. The fibers are longitudinal, 
running from the cornea backwards, and circular. The fig- 
ure 4' points to the circular portion. 

The Formation of an Image in the Eye. — If a convex 
lens is held between a window and a sheet of paper, and the 
distance between the lens and the paper properly adjusted, 
it is found that an inverted image of the window is formed 
on the paper. In the camera, the image at the back is 
formed by the lenses in front. For the explanation, the 
reader is referred to works on Physics. The cornea and 
crystalline lens act in the same way to form an image at the 
back of the eye. 

The image in the eye is formed at the surface where the 
retina lies against the choroid coat, all the parts before this 
surface being transparent, and consequently unable to re- 
flect an image. The formation of a distinct image is neces- 
sary for distinct vision. 

Accommodation of the Eye to the Different Dis- 
tances of Objects. — In attempting by means of a hand 
lens to form images of a lamp flame on a sheet of paper 
used for a screen, it would soon be found that when the 
lamp is at a greater distance from the screen the lens must 
be carried farther toward the screen, and vice versa. 

The photographer accommodates his camera to the different 
distances of objects to be photographed by either changing 
the position of the lens or the back of the camera. His " fo- 
cusing " consists in this. He makes the distance between 
the lens and the back of the camera greater for nearer ob- 
jects and less for distant ones. 

If, when the camera is arranged so as to give a good 
image of an object on its ground-glass plate, it is brought 
nearer to or carried farther from the object, the image 
immediately becomes indistinct 
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It is SO with the eye. If one look at an object across the 
room, say a word written on the blackboard, and while see- 
ing that clearly will bring his finger close in front of the eye, 
he will find that the finger is very indistinct; the detail of 
lines on it can not be seen. 

If now he looks at the lines on the finger, the word on the 
blackboard is indistinct. 

The eye evidently has means of accommodating itself to 
distant objects. 

Since the walls of the camera of the eye are immovable, it 
finds its means of accommodation in another way. This is 
accomplished by the convexity of the crystalline lens. The 
more convex the lens the nearer to it must the screen be 
moved if the distance of the object remains the same. By 
using lenses of different degrees of convexity, the distance 
between the lens and screen could be kept the same for ob- 
jects of different distances. In such a case the nearer the 
object the more convex the lens must be. 

In the eye the crystalline lens is made to change its con- 
vexity, being made more convex for nearer objects, and less 
convex for more distant ones. 

Hov^ the Crystalline Lens is Changed in Form. — 
That the lens does change its form by the anterior surface 
becoming more or less convex has been clearly proved, but 
how this is accomplished is not so easily demonstrated. 
But the explanation is thought to be as follows : The lens is 
elastic, and when the eye is at rest the capsule (consult the 
figure) is put on a stretch by its connections. This ten- 
sion flattens the front part of the lens slightly. This, in 
the normal eye, is just the focusing necessary to see dis- 
tinctly distant objects — that is, objects twenty feet or more 
away. 

When the eye is fixed upon a nearer object, the circular 
fibers of the ciliary muscle (4') are contracted, and since this 
muscle is firmly attached to the membrane which suspends 
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the lens (consult the figure), the contraction lessens the ten- 
sion on the capsule of the lens. The elasticity of the lens 
causes its front surface thus released to spring out in a more 
convex outline. 

By carefully studying Fig. 87, which is a very accurate 
one, in connection with the above description, this action 
may be clearly understood. 

Perhaps the most important function of the crysta^lline lens 
is that of accommodation. 

The cornea, without the aid of the crystalline lens, is able 
to form a distinct image ; but having no motion, it is fixed for 
one distance. 

Action of the Iris. — The functions of the iris are to cut 
out such rays of light as would confuse the image and 
make it indistinct, and to reduce the amount of light when 
it is too bright. 

Most optical instruments are furnished with what are 
known as diaphragms, which serve for them the same pur- 
pose. They are in constant use in microscopes and photo- 
graphic cameras. 

The opening in the iris, the pupil, is made small by the 
contraction of a circular muscle in its inner margin. It is 
enlarged by the contraction of the radial fibers. 

Nervous Control of the Iris and Ciliary Muscle. — 
The iris and ciliary muscle are connected by nerves with 
nerve centers, which are also connected by nerve fibers to the 
retina. The whole constitutes a self-regulating apparatus, 
the light on the retina regulating the motions of these mus- 
cles to the needs of the occasion. 

The Retina The parts of the eye described in the fore- 
going sections are to be regarded as accessory parts of the 
organ of vision, the essential parts being, as we have stated, 
the retina, the optic nerve, and the nerve centers in the 
brain. 

The retina is a very complex structure. It lies at the back 
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of the eye between the choroid coat and vitreous humor, 
extending forward to the scalloped line shown in Fig. 87 at 
9, called the ora serrata. 

It is about one fiftieth of an inch in thickness in the cen- 
tral part, thinning 
out to one two-hun- 
dredth of an inch 
along the front niar- 
gin. As thin as it is, 
as many as ten layers 
are recognized in it 
by histologists. It 
consists of a nervous 
part, shown in Fig, 
88, A, and a skele- 
ton of a peculiar kind 
of connective tissue, 
which is shown sepa- 
rated from it in B in 
the same figure. 

The layer toward 
the vitreous humor 
consists of nerve 
fibers (Fig. 88, next 
to the letter A) that 

come from the optic a 

nerve, which pierces 

the other coats of the '" 

eyeball, as seen in "*"*' 

' A. nervous eUmenta; A connective-tissue part 

S\Z 87. These nerve separated (rom A, The upper part is tbe pan turned 
., " ' , toward tlieclioroid coal. 

fibers pass to the 

other layers of the retina, being connected through the dif- 
ferent kinds of cells and fibers, welt shown in Fig. 88, until 
they reach the layer of the rods and cones, which are turned 
toward the choroid coat There is a layer of pigmeotar; 
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cells belonging to the retina, not shown in the figure, which 
is at the free ends of the rods and cones. 

The Rods and Cones. — These are peculiarly shaped 
cells, and are considered to be the sense-organ cells of the 
eye in which the nerve fibers of the optic nerve terminate. 

These are the cells which are capable of being so affected 
by light as to give rise to nervous impulses, which, conducted 
by the optic nerve to the centers in the bra. r produce the 
sensation of sight. 

Action of Light on the Rods and Cones ^ ^st what 

the action of the light is on the rods and cones is not defi- 
nitely known. While it is out of place to discuss the 
theories on this subject here, yet it may be said that it has 
been thought by many physiologists that reasons exist for 
believing that these impulses are originated by chemical 
changes produced by the light in substances either around 
or in the free ends of the rods and cones. 

The Region of Distinct Vision. — Not all parts of the 
retina are equally sensitive to the same kinds of stimuli. It 
is only with a very small portion of the retina that we can 
see definite outlines. This part is in nearly the central point 
in the back of the eye. In the figure, the point is at 8", a 
being the central point. The exact location may vary for 
different eyes. This is called the yellow spot. 

To show that this is true, fix one eye on a word on a page 
of print, and note that if the eye is not allowed to move, 
words a very short distance from this one can not be made 
out. The image of that word is on the yellow spot, while 
those of the others are outside of it. It is only by moving the 
eyes rapidly over the lines that the words are seen in sentences. 

The Blind Spot. — At the place where the optic nerve 
enters the eye, light produces no sensation. This is shown 
by holding this book so that the letters below — 

O X 
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may be in a horizontal line at about a foot in front of tho 
face. Close the left eye and fix the right on O. Both let- 
ters can be seen, but if the book be moved slowly about, 
revolving it on (7, at certain positions the X will entirely dis- 
appear. The image of the O is on the yellow spot, and 
whenever the X falls on the blind spot it disappears. 

Motions are well perceived by all parts of the retina (ex- 
cept at the blind spot). 

Different colors are more distinctly seen by some parts of 
the retina than by others. 

The Inversion of the Image. — The image of the object 
seen is inverted in the eye. This fact has been made a puz- 
zle of, but it need present no difficulty when it is remem- 
bered that the sensation of sight is not made at the retina, 
but is the interpretation of the state of the retina through 
its nervous connections. 

Our sensations are nothing like the things that produce 
them. By experience we have learned that those things to 
which we must lift the eyes or raise the hands affect us in 
one way, while those to which we must lower the hand 
affect us differently, and from these facts we learn up and 
down. We would never have suspected that any image is 
formed in the retina at all without having examined the 
structure of the eye. 

Blood Vessels in the Retina. — The main supply of 
blood to the retina is probably through the choroid coat. 
Still it has an artery of its own, which comes into it through 
the center of the optic nerve (seen in Fig. 87), and is dis- 
tributed through the fibrous layer of the retina (the layer 
next to the vitreous humor). 

An interesting experiment which will show these blood 
vessels, and at the same time prove that it is not this coat 
of the retina which is sensitive to light, may be performed 
as follows : If while in a dark room one looks against a 
plain wall, and in this position waves backward and forward 
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a dim light, a candle or a lamp turned low, close to the eye, 
and under or to one side of it, he will see outlined on the 
wall a great number of branching figures like the limbs of a 
dead tree. These figures are produced by the shadows of 
the retinal blood vessels falling on the sensitive part of the 
retina, the rod and cone region. 

Duration of the Sensation made by Light. — If we 
look at a bright light and quickly close the eyes, the light is 
still seen for an instant afterward. If any object, such as a 
pencil, be rapidly waved in front of the eye, it will be spread 
out into a continuous figure. These phenomena are due to 
the fact that the efifect of changes produced by the light on 
the rods and cones remains for a short time — about one 
eighth of a second. 

Fatigue of the Retina. — If one looks steadily at a 
colored object and looks quickly away at a white wall, he 
will see the form of the object in its complementary color. 
That is, if the object were green, the after-image, as it is 
called, would be red. 

The explanation given is that in looking at the green 
color the part of the eye which receives its image is exhausted 
for that color, and in looking at white, which has both green 
and red in it, the green is no longer seen, while the retina is 
fresh for red color, and reports its presence. 

The Advantages of Two Eyes. — By means of two eyes 
the range of vision is extended ; the form of objects can 
better be determined if the eyes alone are to decide; the dis- 
tance of objects can better be estimated. 

One may easily convince himself of this by looking with 
only one eye among the limbs of a tree, and attempting to 
trace their course, and during the process suddenly opening 
the other eye and noting the greater clearness of view. 

One eye will also help out the other when that one is 
defective. 

Defects of Vision— No eye is perfect. An eye is said 
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to be normal or emmetropic^ as far as its focusing power is 
concerned, when it at rest is focused for distant objects 
(those more than twenty feet away), and has the power of 
accommodating itself to objects as near as five inches. 

Short-sightedness. — An eye is short-sighted^ or myopic^ 
as it is called, when objects must be considerably nearer than 
twenty feet to be seen distinctly with the eye at rest. Such 
objects, consequently, are never seen distinctly by a myopic 
eye without the aid of glasses. The range of near objects 
may be two or three inches. In such an eye the eyeball is 
too long, which causes the focused rays from the distant 
objects to fall in front of the rods and cones, leaving only an 
indistinct image on them. A concave lens is used to correct 
this defect. 

Long-sightedness. — The long-sighted eye, or hyperme- 
tropic eye, is one in which the eyeball is so short that when 
at rest parallel rays are not brought to a focus anywhere in 
the eye. The function of accommodation is made use of in 
such an eye to make distant objects distinct, while the limit 
of the near point is more than ten inches. To read this type, 
such an eye requires it to be held at a considerable distance. 
Convex glasses are used to correct this defect. 

Astigmatism. — To get a perfect image on the retina the 
cornea and the lens should be curved alike in their different 
meridians. Suppose in Fig. 87 (a) to be one of the poles of 
the globe. The meridians would be lines on the cornea cor- 
responding to meridians drawn on a geographical globe.' 
Now, if the cornea or lens were more convex along some 
meridians than along others, the eye might be long-sighted 
in one plane, and normal or short-sighted in another. 

This would cause indistinctness of some of the lines of 
the objects looked at. Such an eye looking at a figure made 
up of lines running in different directions will see some of the 
lines indistinctly, and if the figure be rotated, he will see 
others indistinctly when they arrive at certain positions. 
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Such an eye is called astigmatic, and requires glasses ground 
of the peculiar shape to fit its own special form of astigma- 
tism. 

Selection of Glasses. — If one has cause to suspect that 
his eyes are abnormal in any of the above points, he should 
not hesitate to procure and wear the proper glasses. 

These defects are likely to increase in amount and bring 
with them other troubles to the eye. Glasses, if properly 
chosen, relieve the eye, and sometimes to such an extent as 
to allow recovery. 

Muscles of the £ye. — The ball of the eye is made to 
turn in its socket by six 
muscles, which are shown 
in Fig. 89, representing 
the right eye. There are 
four straight muscles run- 
ning from the bottom of 
the socket, one attached 
^ gg to the upper side, one to 

the lower side, and one on 
the inner and one on the 
outer side. They are called superior, inferior, internal, and 
external recti miiscles. These turn the eyeball up, down, to 
the right or to the left, combining their movements to pro- 
duce some in intermediate directions. The external rectus 
is partly cut away in the figure. 

The inferior oblique and the superior oblique (seen in the 
figure) rotate the eye in opposite directions. Note in the 
figure the pulley through which the superior oblique muscle 
runs. 

The Eyelids — These are folds of the skin so modified 
as to make the very necessary protecting organs, so easily 
observed and understood as to need only brief mention. 

Just under the skin of the lids are the circular musclei 
whose contraction forcibly closes them over the eyes. In 
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the upper lid is a muscle which runs back to be attached in 
the socket, whose contraction lifts the upper lid. 

The upper lid has a plate of cartilage in it to make \\, 
firmer. 

The skin of the inner surface of each lid is continued on 
over the front of the eyeball, and is known as the conjunct 
tiva (i' in Fig. 87). It is very sensitive, warning us by 
severe pain to keep foreign bodies from the surface of the 
eye. 

Tears.^-In the upper and outer region of each eye-socket 
is located a small gland called the lachrymal gland, whose func- 
tion is to secrete a watery fluid, 
commonly called tears. This 
secretion is constantly pro- 
duced, and being rubbed over 
the surface of the cornea by 
the process of winking, runs 
along the edges of the lids, and 
is taken up by the two openings 
of the lachrymal duct at the 
inner corner of the eye, and by 
this tube conveyed to the pas- 
sage of the nostrils. The duct 
and its branches at the lids, also 
the position of the lachrymal 
gland, are shown in Fig. 90. 

The secretion of this small 
but very important gland is regulated by a special nervous 
center, which may, through other centers with which it is 
connected, be affected by various causes. A foreign object 
on the conjunctiva may make it secrete more abundantly ; or 
stimuli from brain centers, as in emotions, may cause great 
increase of action. 




rig. 90. 

Eyelids and Lachrymal Duct. 
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Directions for Practical Work. 

The eye of an animal may be obtained from the butcher. Examine 
its external surface, and then from a section of it identify as many points 
in it as possible, as are given in Fig. 87. Several eyes will be necessary 
to accomplish this well. 

Eyes from other animals than the large ones answer well. For ex- 
ample, those of a fish or frog. 

The muscles of the eyeball are best studied in position in some small 
animal. 

Examine for comparison the eyes of insects and crawfishes. 

If the eye of an ox be prepared by removing the sclerotic coat without 
disturbing the other coats, and it be placed in the end of a tube so that 
the back part may be shaded, the image formed can be seen through 
the remaining parts. 

The eye of a cat will show the images without removing the sclerotic 
coat. 

Repeat the experiments to show accommodation, the blind spot, and 
the retinal vessels, as described in the text. 

To show the fatigue of the retina, repeat the experiment with a number 
of different colored objects. 



Review Questions. 

1. What are the essential parts of the apparatus of 
sight ? 

2. What is said of the visual apparatus of the lower ani- 
mals? 

3. Describe the globe of the eye. 

4. Make a diagram showing these parts. 

5. Compare it with a photographic camera. 

6. What are the lenses of the eye ? 

7. Describe the cornea. 

8. Describe the crystalline lens. 

9. Describe the ciliary muscle. 

10. How is the image formed in the eye ? 

11. Where is the image? 

12. How must a hand lens be arranged to form an image 
on paper? 
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13. What change must be made to accommodate this ar- 
rangement to different distances of the object ? 

14. What part of the eye accommodates it to different dis- 
tances of objects ? 

15. Describe the action of the lens and ciliary muscle in 
accommodation. 

16. What are the functions of the iris ? 

17. How are the motions executed and regulated ? 

18. Give the position of the retina. 

19. Describe its structure. 

20. What are the rods and cones, and what is their func- 
tion? 

21. What is said of the action of the light on the rods and 
cones ? 

22. What of the degree of sensitiveness of different parts 
of the retina to different stimuli ? 

23. Where is the region of distinct vision ? Show this to 
be the case. 

24. Where is the blind spot ? 

25. Construct figures on a sheet of paper to prove its ex- 
istence. 

26. What is said of seeing things in their proper position 
when the image is really inverted ? 

27. What of the blood supply to the retina ? 

28. How may the blood vessels in the retina be shown ? 

29. What does the experiment prove ? 

30. What of the duration of the sensation made by light ? 

31. What appearances are due to this fact ? 

32. What is the reason that a white object gazed at stead- 
ily will appear in black outline if we turn immediately to 
look at a white wall ? 

33. Give other illustrations. 

34. What are the advantages gained by having two eyes ? 

35. What is a normal or emmetropic eye ? 

36. What is short-sightedness, and to what is it due ? 



REVIEW QUESTIONS, 275 

37. What is long-sightedness, and what maybe its causes? 

38. What is astigmatism, and to what is it due ? 

39. What kind of glasses are demanded in each of the 
above cases ? 

40. Describe the muscles of the eye. 

41. What are their functions ? 

42. Describe the eyelids. 

43. What is the conjunctiva, and what is its function? 

44. How are tears formed, and what is their function ? 

45. How are they disposed of ? 



CHAPTER XXI. 

THE EAR AND THE SENSATION OP HEARING. 

The Sensation of Hearing is usually produced in man 
by vibrations of air. The effects of these vibrations are by 
means of a very complicated apparatus brought to bear on 
the special sense-organ cells of the ear, which may be called 
the auditory cells. 

The essential parts of the organ of hearing consist, as in 
all other special senses, of three parts: (i) cells which are 
affected by special stimuli — vibrations in this case ; (2) a 
nerve, the auditory ; (3) nerve centers in the brain. 

The auditory cells are placed in a watery liquid in the 
inner part of the internal ear. Being so inaccessible, very 
great difficulties have arisen in the study of the internal ear. 
Consequently, the functions of all its parts are not so defi- 
nitely known as are those of the eye. 

The Nature of Sound. — While the nature of sound is 
better understood if a work on Physics is consulted, a few 
facts in regard to it are necessary to an understanding of 
hearing. 

The vibrations of the air which produce sound are caused 
by the vibrations of bodies lying in it. Whenever an elastic 
body such as a stretched wire, a metal plate, a glass rod, or 
a strip of wood is struck, the body is thrown into vibrations. 
These can be seen in a tuning fork, or a piano string, or in a 
bell. One of these rapidly vibrating bodies strikes against 
the air in its backward and forward swings. The air is very 
elastic, and as the side of the vibrating body strikes against 
it, it is condensed immediately next to the body. But as 
(276) 
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the body in its return swing pulls away from the air, it is 
made less condensed. 

This would give a layer of condensed air and one of rare 
air. But as the air is very elastic, the condensed layer 
springs out again like a compressed spring, and in doing so 
strikes against the layer of air before it just as the side of the 
vibrating body struck it, and thus the conditions are repeated 
farther on, the condensed layers expanding and the rare 
ones contracting in turn. » 

By this means the swinging body comes to have a series of 
layers of rare and condensed air all around it. If one con- 
siders a single part of air, he can readily see that it must by 
this means be continually moved backward and forward by 
these motions. These layers of rare and condensed air fol- 
lowing each other, and causing every particle of air to swing 
backward or forward over a certain small distance, are the 
vibrations which the ear is constructed to detect. 

It is customary to speak of sound as moving in waves, but 
these are not like waves of water. 

In the chapter on Voice mention is made of what the pitch, 
intensity, and quality of a sound depend upon. It may be 
well to refer to this chapter for the definition of these terms 
for use here. 

The Auditory Apparatus. — The whole auditory appa- 
ratus consists of three portions : the external ear, the mid' 
die ear, and the internal ear, so named from their relative 
positions. 

The Kxternal Ear. — This consists of the part which pro- 
jects from the head, called the pinna^ and the canal leading 
from this to the middle ear, called the external meatus (Fig. 

91)- 
This canal is closed internally by the membrane of the 

middle ear, known as the memhrana tympani. 

The Middle Ear. — This is known also as the tympanum. 

It is an irregularly shaped space in the temporal bone. It 
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opens by a canal, called the EuUackian tube (Fig. 52, £T\ 
into the upper part of the pharynx. 

It is lined by mucous membrane, which is very thin over 
the membrana tympani, which 
separates it from the external 
meatus. 

A connected series of very 
small bones extends across this 
cavity from the membrana 
tympani to a membrane clos- 
ing one of the passages in the ^ 
internal ^sx,'^^ fenestra ovaiis 
(oval opening). These are 
shown in the diagram in Fig. 
92. The malleus extends by a 
process over the membrana 
tympani, to which it is firmly 
attached. ''' 

The tMus fits closely to the Tmpor^l Bohb bbmovbd. 

malleus. jif, meatus; iT, aemi-circular cauUs; 

The j/a/^j is attached to one '"^ '*' >''""'"■ 
process of the incus by its smaller extremity, while its broad foot 
is attached to the membrane which closes the fenestra ovalis. 

Certain small muscles are arranged to tighten or loosen 
the membrana tympani and the pressure of the stapes on the 
fenestra ovalis. 

Functions of the External and Middle Portions of 
the Ear. — The internal ear, in which are the auditory cells, 
is filled with a liquid which must vibrate in order that these 
cells may be stimulated. Air is extremely light, and its vi- 
brations acting directly on so heavy a body as water would 
have but little effect. 

It is the principal function of the external and middle ear 
to direct and intensify the vibrations of air so as to set the 
liquid in the internal ear to vibrating. 
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The Pinna and the External Meatus serve to direct 
the vibrations to the membrana tympani, and also slightly 
to increase their intensity. The effect of funnel-shaped 
tubes in this regard is shown by the ear-trumpet. 

The Membrana Tympani. — In the study of sound, 
physicists have found a thin membrane to be one of the 
most effective means of catching up vibrations of the air. 
The membrana tympani serves that purpose in the ear. A 
very small muscle regulates its tension. 

The Function of the Bones. — The long process of the 
malleus attached to the membrana tympani is the long aim 
of a lever, which, when pulled forward and backward by the 
vibrations of the membrane, first acts on the incus, and then 
the stapes, and by this means the liquid in the internal ear 
is acted on with considerable intensity by the foot of the 
stapes. In this way the very light air is made to move into 
vibrations the comparatively heavy liquid in the internal ear. 
The Eustachian Tube. — This passage from the middle 
ear to the pharynx 
allows of an equal 
pressure of air on both 
sides of the membrana 
tympani. It also per- 
mits the outward pas- 
sage of secretions of 
the middle ear, and, 
unfortunately, some- 
times allows affections 
of the mucous lining 

lAGRAHHATIC BCTION Ol- THB AR. ^j ^^^ pharynX tO CX- 

£,aleraHlmtatus; «^, middle ear. showing the , . '^ f .... 

bones-Oie foot of the slapes ia against Ihe/r-Kj- tend mtO the middle 
Ira math: r, feoestfa rotunda ; 5C Mini-Circular 

canals; A'.audilorynerre; r.veslibule. ear. With SCriOUS re- 

sults to hearing. If one closes his nostrils and mouth, and 
attempts to force air out, he will feel a pressure on the 
membranes of the middle ear. 
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The Internal Ear. — The internal ear consists of a group 
of small membranous tubes filled with liquid, which lie in 
another liquid contained in a corresponding group of bony 
channels, hollowed out of the base of the temporal bone. 
These tubes are called the labyrinth. 

Three parts of the labyrinth are recognized: The semi- 
circular canals {SC in Fig. 91); the vestibule^ F, and the 
cochlea^ C, 

The passages of the bony part of the labyrinth open 
together. The canals and cochlea may be considered as 
branches of the vestibule. 

The Cochlea. — The cochlea is a spiral tube with two and 
one-half turns, and as it is supposed to contain the auditory 
cells, it needs at least a brief description. 

The tube of the cochlea is internally partitioned off into 
three divisions. In Fig. 92 the diagram shows by different 
shading the three tubes running side by side at S, 

One is connected with the vestibule, and for this reason is 
called the scala vestibuli; 
another is seen at Xh^fenes^ 
tra rotunda^ having only a 
thin membrane between it 
and the tympanum, or mid- 
dle ear. It is named the 
scala tympani. Between the 
two is the middle tube, 
the scala media^ or cochlear 
canaly represented in the Fig. 93. 

figure by the small unshaded section of a Turn of the Cochlea, made 

coil. The scala media is through s in Fig. 92. 

the true organ of hearing. ^°' explanation see text. 

In the figure referred to these tubes are represented in a 
purely diagrammatic way. 

Fig. 93 shows a cross-section of the three tubes, which 
may be considered as taken from S in Fig. 92. In this sec* 
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tion the letters SV dst, placed in the scala vestibuli; STm 
the scala tympani, while SM is in the cochlear canal, or 
scala media. A branch of the auditory nerve reaches the 
base of the core around which the tubes are wound. Its 
fibers ascend this core and are distributed to the cochlear 
canal through the partition between the scala vestibuli and 
the scala tympani. This partition is of bone. It extends 
as far as the cochlear canal, and is called the spiral plate^ 
or lamina spiralis^ marked LS in Fig. 93. A few nerve 
fibers, N^ with a group of nerve cells, are shown in the 
figure. 

The Cochlear Canal. — If the nerve fibers are traced 
from the spiral plate they will be found to end in certain 
cells in the cochlear canal. These are supposed to be the 
auditory cells. They rest on the membrane which continues 
out from the spiral plate and makes one side of the coch- 
lear canal. This membrane is called the basilar membrane 
(BM ). The auditory cells have about them various other 
cells and parts, some shown in the figure. 

How the Auditory Cells are made to Vibrate. — The 
scalae tympani and vestibuli have a liquid in them which 
through the scala vestibuli is in connection with the liquid of 
the vestibule. 

This liquid, it will be remembered, is in direct contact with 
the membrane to which the stapes is attached. 

When, then, this bone is put in vibration, the liquid in the 
two scalae is made to vibrate also, and this in turn transmits 
its vibrations to the basilar membrane. As the auditory 
cells rest on this, they are affected, and impulses are given to 
the nerve fibers, which, conducted to the brain, produce the 
sensation of sound. 

The usual source of the vibrations is the air, yet the liquid 
of the internal ear may be made to vibrate through the 
bones of the skull; and the sensation of sound thus pro- 
duced. This may be experienced by scratching with a pin 
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on one end of a wooden object while the other end is held 
between the teeth. 

Determination of the Pitch, Intensity, and Quality 
of Sounds. — Every vibrating cord, like a pendulum, can 
only vibrate at a certain rate, as one person giving motion to 
another in a swing must time his pushes to the rate of the 
swing, or he will check instead of increase the motion. 

From this fact it comes about that if a sound is made near 
stretched strings of various lengths, only that string will take 
up the vibrations which has the same rate. It, of course, 
then repeats the same note. Other strings would repeat 
other notes, and if a large number were together, any note 
sounded might be repeated. This actually happens when 
another instrument is made to play a tune near a piano. 
Now, the basilar membrane is so suspended as to act as a 
very great number of strings of shorter and shorter length 
toward the narrower end of the cochlear canal, while the 
auditory cells resting on it throughout its length report 
through their nerve fibers its every vibration. 

As the pitch of a sound depends on the rate and intensity 
in the force of the vibrations, and the quality on the com- 
bination of the different tones in every sound given off by 
vibrating bodies, it would seem that parts of the cochlear 
canal are sufficient to determine each of these properties of 
sound. 

Functions of the Semi-circular Canals. — Both the 
membranous semi-circular canals, and the little sac into which 
they open receive branches of the auditory nerve, as shown 
in the figure, but it still remains unknown what their real 
functions are. 

There are good reasons for believing that the semi-circular 
canals are organs by which we are made aware of any change 
of the position of the body. 

Every one knows that even with his eyes shut he can tell 
when he is falling over in any direction. It is thought that 
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this sensation of a change of position of the head is caused 
by the liquid in the semi-circular canals being disturbed by 
the motion of the head, and in consequence pressing on the 
sense-organ cells lifting their walls. From this view of the 
canals they have been called the organ of equilibriumy or the 
balancing organ. 

Ears in the Lower Animals. — Among the lower ani- 
mals the auditory organs may be seen in a series from a very 
simple minute open sac with sensory nerve fibers distributed 
to its lining cells, ascending through all grades of simplic- 
ity and complexity up to the complex organs of which we 
have taken but a very brief survey. In the higher verte- 
brates the principal differences in their ears from that of man 
is in the difference of the development of the cochlea, and 
in different shapes of the pinna. 

The ears in the invertebrate animals are often in other 
parts of the body than the head. 



Directions for Practical Work. 

The middle ear with its bones and membrane can be shown in the 
head of any of the common animals killed by the butcher. 

The head of a rabbit or any other small animal gives less trouble. 

The internal ear is more difficult to dissect, but any one can accomplish 
it, and will b^ fully repaid for his trouble. 

In the frog the smooth round spot on either side of the head is the 
membrana tympani, the outside of which is continuous with the skin. By 
examining it from the inside of the mouth, the Eustachian tube is seen to 
be a wide opening. 

The frog does not possess the series of bones, but a little rod takes 
their place. 



Review Questions. 



I. How is the sense of hearing produced ? 

«. What are the essential parts of the organ of hearing ? 

3. How is sound produced ? 
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4. How is a particle of air moved by sound ? 

5. What are the general divisions of the auditory appa- 
ratus ? 

6. Describe the external ear. 

7. Describe the middle ear. 

8. What are the bones of the ear and how are they 
arranged ? 

9. What muscles are in the middle ear and what are their 
functions ? 

10. What are the functions of the external and middle ear 
as a whole ? 

11. What are the special functions of the pinna and exter- 
nal meatus ? 

12. What is the use of the membrana tympani ? 

13. What is the action of the series of bones ? 

14. What are the parts of the labyrinth ? 

15. How are the membranous canals arranged ? 

16. Describe the cochlea. 

17. Show with a diagram how its tubes are arranged. 

18. Where are the auditory cells? 

19. Where are the fibers of the auditory nerve? 

20. How are the auditory cells made to vibrate ? 

21. Under what conditions will one vibrating body repeat 
the note made by another ? 

22. How is it thought that the pitch, intensity, and quality 
of sounds are determined in the ear ? 

23. What is said of the functions of the semi-circular 
canals ? 

24. How are they supposed to give rise to the sensations ? 

25. What is said of the ears of the lower animals ? 



CHAPTER XXII. 

HEALTH AND DISEASE. 

General Considerations. — An intelligent conception of 
the parts of the body and the conditions under which they 
work will suggest in each case the rules which should guide 
the care of the part. 

However, there are certain points of such vital interest 
that perhaps it would not be out of place to repeat them by 
way of emphasis in this special section. 

Air. — We have seen that the life and activity of every cell 
in the tissues depend constantly upon oxygen, and that to 
obtain it we must have good air. This is not simply desirable, 
but it is an absolute necessity to good health. As the subject 
was discussed in greater detail under Respiration, the discus- 
sion need not be repeated. 

As the tissues depend solely on the lungs and the organs 
of respiration to furnish this supply, nothing must be done 
to interfere with their action. Clothing that limits either the 
respiratory acts or the circulation of the blood can not be 
too strongly condemned. 

Food.— yWe have also seen that with the oxygen there must 
be supplied proper foods to the cells. The elements necessary 
in these have been also discussed in detail. As foods are 
substances which appeal to the eye and the nose, and are 
always tasted in eating them, we are less likely to make mis- 
takes in regard to them than we are in regard to the purity 
of the air which may change so gradually as not to be per- 
ceived. People who would not take food with a spoon just 
used by another will often submit to the breathing of foul 
air. 

(285) 
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The greatest danger to health in regard to foods is that 
the gratification of the very sensations which are absolutely 
necessary in the selection of food, and in determining the 
quantity to be taken, may become the sole cause for taking 
the food and drink as well. In such a case abnormal tastes 
may be developed, and the only safe guide given us in this 
matter is greatly disturbed in its functions, with the sure 
result of greater or less injury to health. 

A very great number of the common disturbances of health, 
some of them serious, and some even fatal, arise from simply 
eating for the sensations the act gives to the eater. 

Drink. — We long ago learned by our thirst that the body 
must have water. We have seen that the various processes 
of the body depend largely upon the presence of water 
for their action. But all that is necessary in the drink is 
water. Often the water is flavored with other substances, 
which may be harmless in some cases, but in many they are 
injurious, and in no case are they of any great benefit. 

These are mainly but answers to the demand of tastes that 
have been cultivated. 

Source and Composition of Alcoholic Drinks. — 
Alcohol is a liquid arising by the process called .fermentation 
in solutions containing sugar. When the alcohol is separated 
in a pure state from the remaining parts of the solution, it is 
found to be a transparent liquid. This is called absolute 
alcohol. It is lighter than water and will mix readily with it. 
It burns with a blue flame without smoke. It dissolves very 
many organic substances. It is used very extensively in the 
arts as a solvent, in making extracts of substances, and as a 
fuel in alcohol lamps. It is also used largely in the preser- 
vation of museum specimens. Its chemical symbol is 
C,H.O. 

The process of fermentation which produces alcohol 
is the result of the growth of a very minute plant seen 
only by the aid of high powers of the microscope, the 
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yeast plant. During the growth of the yeast plant, the 
sugar in the solution is changed into alcohol and carbonic 
acid. 

Juices of ripe fruits have sugar dissolved in them. The 
yeast plant growing in them changes the sugar into alcohol 
and carbonic acid. The latter as a gas bubbles up through 
the liquid and passes away ; the alcohol remains. Thus wine 
is made. In the same way the juice of apples turns to cider. 
Thus the juices of various fruits may change to various alco- 
holic drinks, differing in flavor according to the fruit from 
which they are made. In all, the alcohol is just the same in 
composition and properties. In such drinks as beer, ale, and 
porter, which are said to be " brewed," the sugar is obtained 
by sprouting certain grains, mainly barley, which is then 
dried, ground, mixed with water, and kept moderately warm. 
Yeast is placed in the mixture, and during its rapid growth 
produces alcohol. From the mass the liquid beer containing 
alcohol is separated. 

Thus, in one way or another, the yeast plant growing in 
sugar-containing liquids produces alcohol in these liquids, 
and from them are obtained the various forms of alcoholic 
drinks. In alj of these it is the alcohol which is the ingredi- 
ent which produces intoxication and most of the other effects 
discussed here. The amount of alcohol in the different alco- 
holic drinks varies very greatly, being as low as two per cent 
in some kinds of beer, and rising as high as fifty-five per 
cent in some forms of rum or brandy. 

Liqueurs are formed by mixing in certain proportions 
various alcoholic drinks, or by adding to them aromatic or 
other substances, with the object of producing sotne peculiarly 
pleasing flavor. These vary very much in the amount of 
alcohol they contain. 

Often alcoholic drinks formed as above described are adul- 
terated in various ways, the object generally being to make 
the cheaper ones resemble those more expensive. Things 
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added in this way may be harmless, but it is well known that 
many of them are very harmful. 

Physiological Action. — The habits of drinking liquids 
containing more or less alcohol, and of using tobacco, tea, 
coffee, and opiates, are of such wide extent, and may be ac- 
companied by such serious evils, that it is of the utmost 
importance that the young be guarded as far as possible 
against forming them. 

The following is a brief outline of the physiological effects 
of these substances as far as physiologists understand the 
matter. It must be remembered, however, that the determi- 
nation in detail of the physiological effects of any substance, 
whether that substance is a food, a drug, or a poison, is an 
exceedingly difficult matter. We know the general effects of 
many of these substances well enough to rely on them to 
help us get well in cases of sickness, or to avoid those which 
are poisons, without knowing in any definite manner the 
way in which the /^rZ/Vw/^r substance in question may act. 

For example, it is known that in some malarial diseases, 
quinine, given in a certain way, will in a large number of 
cases bring about a cure. But no one, except one who has 
a very superficial knowledge of the subject, would have the 
confidence to assert definitely the exact effect of quinine on 
the respective organs or tissues of the body, or on the cause 
of the disease. Nor have any microscopic sections of the 
tissues, however skillfully made, been able to demonstrate 
the effect on them of quinine taken in quantities sufficient 
to produce a cure. 

Or, to take another example : it is known that strychnine 
is a violent poison. Taken in even very small amounts, it 
brings about death in a very short time. The general symp- 
toms of strychnine poisoning are well known, and it is said 
further, as a partial explanation of some of them, that it has 
the effect on the spinal cord of throwing it into a highly 
sensitive state. In this condition the slightest afferent 
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(sensory) nervous impulses will produce profound reflex 
actions, and consequently a touch will send the animal poi- 
soned with strychnine into violent spasms. 

And in addition, after long experimentation, a few other 
rather vague statements can be made about the specific 
effects of the poison. But, powerful as the poison is in its 
influence on physiological action, it is extremely difficult to 
decide what particular effects it has on each organ. It is 
impossible to demonstrate by histological sections what 
changes it produces in the tissues. 

While these facts are true of quinine and strychnine, whose 
particular uses and dangers are so well known, still more are 
they true of the hundreds of other substances used as medi- 
cines or shunned as poisons. 

Thus it is with alcohol, tobacco, tea, coffee, and opium. It 
•is difficult, and in most cases impossible, to decide just what, 
if any, effect the use of alcohol has on any particular tissue ; 
for example, the bony or the muscular tissue. But the gen- 
eral effects on the body as a whole, or on the character of 
the individual, may be plain enough. 

If it is clear that the continued use of alcoholic drinks 
may very often have the most serious effects physically, 
mentally, and morally, the fact that we cannot trace with 
certainty the exact physiological and histological steps by 
which the user of alcoholic drinks reaches this state of phys- 
ical, mental, or moral degradation need have no significance 
for us as moral beings. 

We would be as unwise to regard alcoholic drinks with 
favor because of our ignorance about their specific physio- 
logical effects, as to view strychnine in the same light 
because of a like ignorance of its specific action on the 
tissues. 

On the other hand, we certainly gain nothing in our fight 
against the use of alcohol by asserting specific effects on the 
tissues which can easily be demonstrated not lo exist. 
19 
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The effects of alcoholic drinks may be classified as follows ! 

a. Effects on the body, including immediate effects and 

those of a more permanent nature. 

b. Effects on the mental and moral nature. 

c. Results on the community as a whole. 

If a considerable dose of pure alcohol, or even a very 
strong solution of alcohol, were taken, it would produce 
death in a short time. Strong alcohol applied directly to liv- 
ing tissues abstracts much water from them, kills the living 
cells, and coagulates the proteid substances. The action is 
a violent one. If alcohol were only taken in this manner, it 
would demonstrate quickly enough its poisonous nature, and 
there would be no need of pleading against the formation of 
this evil habit. 

But, as alcohol is used in drinks only in more or less 
diluted solutions, such violent effects do not appear ; but 
results of quite a different nature follow slowly, and may 
pass away, the worst coming to remain only after a pro- 
longed use of such drinks. 

Thus it comes about that some of the most dangerous re- 
sults of the use of alcoholic drinks are not always clearly 
traceable by the victim, or even by his friends, to the true 
cause. It is thus that alcohol may become a slowly acting, 
insidious poison, whose cumulative effects are to undermine 
the system, and render it incapable of withstanding the dis- 
eases ever lying in wait to attack the body. 

Indeed, the final outcome may not be a direct result of the 
alcohol. While in such a case the alcohol is not the imme- 
diate cause of the fatal ending, it is certainly the first cause. 
Still, being thus far removed, it often escapes the blame. This 
makes it all the more a dangerous enemy. 

People usually begin by taking alcoholic drinks only occa- 
sionally, and in such moderation that few evil results are 
directly traceable to them ; the next stage is the habitual 
though still moderate use of such beverages ; and this is apt 
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to develop finally into the last stage in which the use is ex- 
cessive as well as habitual. Hence, though the immediate 
physical results of the first drink may be insignificant, it is 
evident that the moral effects may be incalculable. 

It should be repeatedly emphasized, then, that the use of 
alcoholic drinks in the great majority of cases creates a de- 
mand for their increased use. With some this thirst may not 
increase immoderately, and may be kept under control, but 
this cannot be determined beforehand ; and in thousands of 
cases this artificial thirst grows until it is beyond control, 
and thus results not only in serious harm to the body and 
mind of the victim, but also brings misery, unhappiness, and 
suffering upon his family and friends. 

In discussing the effects of any kind of medicine, food, or 
condition on the body, we should always take into consider- 
ation the fact that different individuals are very differently 
affected by such conditions. A substance which is gener- 
ally recognized as a good food may be very unwholesome 
for certain individuals ; conditions which will maintain and 
improve the health of one may break down the health of 
another ; a drug which can be given to some with marked 
beneficent effects acts on others as a real poison. In the 
same individual we may find great differences in this respect 
in health and disease. In other words, human bodies are 
not like a number of sewing machines turned out by the 
same firm, but are very complex organizations, made up of 
extremely complex materials but little understood, and put 
together by laws of which we are totally ignorant. The 
result is that no two human bodies are exactly alike either in 
form or power. To this fact is due much of the difference 
of opinion in regard to the exact effects of certain things on 
the body. It would be dangerous to assert in a great num- 
ber of Instances that a thing was universally either beneficial 
or injurious simply because it affected certain individuals in 
one way or the other. 
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If a small amount of alcohol be taken in a drink, there 
may be no perceptible effect except a slight increase of the 
rate of the pulse. The effects of large amounts of alcohol 
are summed up by Dr. E. W. Emerson as follows : 

" If large doses be given to a healthy person, the usual 
course is first a flushing of the face, with a greater flow of 
words and ideas, and tendency to muscular activity, then 
imperfect articulation, loss of judgment, unsteady gait, dulled 
moral sense, irregular eyesight, loss of sensation, then of 
consciousness, and finally even impaired (vegetative func- 
tions) breathing and circulation ; all of these phenomena 
being successive paralyses of nervous centers of brain, 
medulla, and spinal cord. 

"If large doses be often repeated, the alcohol carried 
through the various organs modifies their nutrition and the 
growth of the mere connecting tissues (frame-work) at the ex- 
pense of their more important special tissues. Thus the 
stomach and liver, kidneys and nervous system are all in- 
jured ; and finally even the voluntary muscles, and the all- 
important involuntary muscle called the heart, degenerate. 
These processes are slow and only result from the decided 
abuse of alcohol, especially spirits." 

It has already been indicated in the chapters on the circu- 
lation (p. 105), digestion (p. 150), the kidneys (p. 199), and 
the nervous system (p. 244), what are some of the special 
results of the continued use of alcoholic drinks on the organs 
there treated of. 

To appreciate more completely the full effect of alcoholic 
drinks, we must consider the effects on the system as a whole. 
If the important functions of our organs are interfered with 
for any length of time, the constitution becomes undermined, 
impairing the powers of the body, rendering it liable to 
attack by disease, and unable to rally from such attack by 
its normal vitality. When accidents occur rendering surgical 
operations necessary, it is well known that the patient, if he 
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has been an habitual user of alcoholic drinks, has less chance 
of recovery, or recovers more slowly, than the abstainer. 

Life insurance companies have investigated this subject 
from a business standpoint. They recognize the importance 
of these facts by regarding persons addicted to the use of 
alcoholic drinks as of greater risk. Also those who go into 
training for athletic contests are required to abstain from the 
use of alcoholic drinks, it being recognized that these inter- 
fere with success where strength and endurance are requisite. 

Alcohol as a Medicine. — In regard to the use of alco- 
holic solutions as a medicine in the treatment of diseases, it 
is obvious that this is not the proper place to discuss such a 
question. When attacked by a disease we should put our- 
selves into the hands of a capable physician, and then trust 
to his learning and skill. Well-known poisons are frequent- 
ly administered as medicines, but such substances should be 
taken only under the direction of a physician. It is usually 
dangerous to follow the advice of those who have not 
had special training and experience in the treatment of 
disease. Still it may be of interest in this connection to say 
that among high authorities there is a great difference of 
opinion in regard to the value of alcohol in disease. 

There are those who regard it as of great value in certain 
diseases, while there are others, and we are bound to admit 
that the number seems to be increasing, who believe that it 
is harmful in these diseases, and of little or no benefit in 
others. But, as just stated, this is a question to be settled 
in the future by skilled physicians, and it does not affect the 
one we are considering here, of the danger of forming the 
habit of drinking alcohol. 

Other Substances in Alcoholic Drinks.7— In the vari- 
ous liquids which are allowed to ferment and from which 
wines, beers, whisky, etc., are made, many other substances 
exist. Some of these, such as fusel oil in whisky, and cer- 
tain ethers in wine, have been isolated, and their properties 
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have been studied, but there are still many whose character- 
istics have not as yet been determined. To some of these 
substances are due the different aromas and flavors that dis- 
tinguish one kind of alcoholic drink from another. Many of 
these substances are undoubtedly injurious to the body, and 
some are known to be poisons. While it is also true that 
some of the ingredients in these drinks are known to be ben- 
eficial or even nutritious, their mixture with the injurious 
substances renders them of little use. But no one claims that 
he takes these drinks for the very small amount of nutritious 
substances which they may possibly contain. 

Thus far we have spoken of the effects of alcohol on the 
general health of the body. But there is one effect that 
needs neither physician nor physiologist to emphasize its 
evils. That is the intoxicating effect of large doses, what is 
known in ordinary language as "getting drunk." The evils 
of drunkenness are so great and so well known that we need 
not dwell on them here. Every community has too many 
sad examples of the misery and unhappiness which has this 
for its cause. Happily a large number who habitually use 
alcoholic drinks do not reach the stage of habitual drunken- 
ness, but it is well to keep in mind that such an end is a pos- 
sibility. It is only from the ranks of those who use alcoholic 
drinks moderately that the large army of drunkards is re- 
cruited. There needs no demonstration here of the moral 
degradation accompanying habitual drunkenness. The facts 
are unfortunately too evident in every land. 

Effects of Alcoholic Drinking on the Community. — 
The statistics of every prison, insane asylum, and almshouse 
have shown over and over again that alcohol is the greatest 
cause of crime, insanity, and poverty. Most other poisons 
and diseases with greater or less swiftness kill their victims, 
but leave them harmless as they carry them along to their 
fatal ending. But alcohol often renders its victims, after they 
have reached a certain stage, the enemies of mankind, makes 
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them active agents in the community in undermining its 
morals, in increasing the misery and suffering of its members, 
and in adding to the list of its most flagrant crimes. The 
associated vices of drunkenness, and the evil influences 
which extend from many of the drinking customs and drink- 
ing places, tend to make alcohol as serious a menace to the 
health of the community as a whole, as it is to the health of 
the individual. 

Tea. — Tea consists of the dried leaves of a plant exten- 
sively cultivated in China, Japan, Ceylon, and India. These 
leaves contain a number of vegetable substances common to 
all leaves, but in addition they contain an alkaloid known as 
theincy which is characteristic of tea leaves. There is also a 
large amount of tannin, 

Theine is exactly like caffeine (found in coffee) in compo- 
sition, and apparently has the same physiological effects as are 
assigned to that substance ; that is, it is a stimulant to the 
nervous centers. The considerable amount of tannin in tea 
has an injurious effect on the digestive processes. 

After speaking of the beneficial effects of a moderate use 
of tea for some persons. Dr. Yeo says : 

" On the other hand, it is quite certain that tea taken in 
excess, and in some constitutions, may become very injuri- 
ous. It will not infrequently excite and maintain most 
troublesome gastric catarrh, the only remedy for which is 
an entire abstinence from tea for a considerable period. 
It is often also the cause of troublesome cardiac palpita- 
tions, together with muscular tremors, and general nervous 
agitation. We have noticed that tea will often commence 
somewhat suddenly to disagree with a person, and excite 
dyspeptic symptoms, coincidently with the occurrence of 
nervous worry, and that after the cause of the nervous worry 
has passed away tea may again be taken in moderation with 
impunity. In irritable states of the stomach tea is also apt to 
disagree, especially if the coarser teas containing much tan- 
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nin are taken ; these, when taken in large quantities during 
or too soon after a meal, will disturb and often seriously 
hinder the digestive processes." 

The beneficial effects which are thought to belong to the 
moderate use of tea and coffee are no doubt often more 
apparent than real ; they produce an agreeable feeling, 
which makes the user believe that he is benefited when per- 
haps only a harmful change has taken place. 

If no other harm came from the use of these substances 
than the constant deception as to the true state of the body, 
even that would be considerable damage. For, if the proper 
appetite is interfered with, it is quite certain that at times too 
much or too little food will be taken. Tea and coffee have 
also the power of relieving the sense of fatigue, and while 
they may thus be valuable aids as a temporary relief from 
suffering, they become very harmful if they lead us to over- 
look and disregard the cause of the fatigue. Fatigue itself 
has its uses, and we would sooner or later suffer if deprived 
of its warning voice. In other words, the deHcate balance of 
coordination between the processes of nutrition and necessi- 
ties of the various organs would be lost. Such a state con- 
tinued cannot result otherwise than injuriously, the extent 
of injury depending on the degree to which the organism is 
affected. The claim that tea or coffee will enable the body 
to do more work on a smaller amount of food is absurd. 
Energy cannot come from nothing. As the source of energy 
in the body is oxidation of oxidizable substances (foods), it 
is impossible for a substance to cause work to be done by 
doing away with its source of energy. 

It is unwise to use even in so-called moderation these 
stimuli which thus distort the natural action of the nervous 
mechanisms regulating the nutritive processes. But it is 
worse than folly to indulge in them to an excess which brings 
on one the most serious results. Between moderation and 
excess the gradation is very gradual. Moderation in the 
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great majority of cases becomes a greater or less degree of 
excess. It is certainly the part of wisdom to forego the pass- 
ing pleasure that these beverages may give, and avoid the 
risk of the more lasting suffering or disability which their 
use may entail. 

Coffee. — Coffee consists of the seeds of a plant which is 
cultivated extensively. The seeds, or berries as they are 
called, are roasted, and by this process an aromatic sub- 
stance is developed which gives the coffee its flavor. The 
principal ingredientsrin roasted coffee are this aromatic sub- 
stance, which is volatile and may disappear in time, tannin^ 
certain vegetable acids, and caffeine. The last named belongs 
to the group of chemical substances called alkaloids. It is 
thought that it is the caffeine in the coffee that produces the 
peculiar effects ; but it is claimed that these effects are also 
due to the aromatic substance or substances produced in the 
roasting. 

Physiological Effects. — The most obvious effect of coffee 
is its stimulation of the nervous centers. It is also said that 
caffeine increases respiration and the blood pressure. A 
large dose may so affect the circulatory organs as to accel- 
erate the pulse or even make it intermittent. Its effect on 
the kidneys is to increase their secretion. 

In excess, coffee acts as a poison, seriously affecting the 
heart, producing muscular tremor, and causing disorder of 
the nervous and digestive systems. In many persons coffee 
produces dyspepsia. 

Tobacco. — Tobacco, as is well known, consists of the 
leaves of a plant which is raised in many warm countries. 
It is used in the form of snuff, or is chewed, or smoked as 
cigars, cigarettes, or in a pipe. It was introduced into Eu- 
rope at the time of Queen Elizabeth by Sir Walter Raleigh, 
who learned its qualities from the Indians of North America, 
From this time its use gradually spread throughout the civ- 
ilized world. Among the many substances in the leaves of 
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the tobacco plant the most characteristic is mcotine. This is 
oily and aromatic. It is distilled from the leaves by the heat 
of the burning tobacco. The vapor of this oil is partly 
condensed in the cigar or cigarette, or in the bottom of the 
bowl or along the stem of a pipe ; but part of it passes on to 
the throat and lungs of the smoker. 

From these regions it gets into the body. Nicotine is an 
active poison even in small quantities. The amount that 
usually gets into the body by the user of tobacco is very 
small, otherwise the results would be fatal. As it is, many 
persons use tobacco for many years, apparently without bad 
effects. The body, which at first was greatly shocked at the 
introduction of the poison, seems later to adapt itself to its 
presence. Still to a great number of persons it is always a 
poison more or less undermining the health, or even breaking 
it down entirely ; used in excess — and there is constantly this 
danger — the results are most serious. The physiological 
effects of tobacco are as follows : 

It affects the heart so that excessive use may produce 
palpitation and weakening of the heart, it interferes with the 
digestion and causes a loss of appetite. A long series 
of carefully conducted experiments show that immediately 
after smoking there is a marked loss of the power of doing 
work with the voluntary muscles. It is said to interfere 
with the development of the red blood corpuscles, whose 
great importance has been shown in another place. 

Of the other substances besides the nicotine which are 
vaporized by the heat of the burning tobacco, and pass with 
the smoke into the mouth, throat, and lungs, some produce 
irritation of the mucous lining and may bring about a dis- 
eased state of those organs, such as a chronic sore throat, 
and other affections. It is thought that many cases of can- 
cer of the mouth can be traced to the habit of smoking. It 
is agreed on all sides that the use of tobacco is very injurious 
to the young, and should be avoided by them in every form. 
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There have been many cases recorded of death of young 
boys through nicotine poisoning from excess in smoking. 

The evil effects of tobacco come on in such an insidious way, 
that very often the sufferer has no hint of the true cause of 
his troubles ; this renders it all the more a dangerous enemy. 

The tobacco habit grows on one till it becomes in the great 
majority of cases a somewhat tyrannical master, demanding 
great sacrifices of time, health, and money to satisfy its 
desires. This itself is a form of disease. There is another 
point of view we should consider. How will it affect our 
associates? Both smoking and chewing are offensive to 
most people who do not use tobacco. We might well hesi- 
tate before forming a habit which will render our close pres- 
ence disagreeable to many, if not most of our friends. 

Opium. — Opium is obtained from the juice of a species 
of the poppy. The juice is dried, and forms a waxy mass" 
which contains many substances. The characteristic one of 
the group is morphia. This substance is very much used in 
the practice of medicine. It is, however, such a dangerous 
poison that it should never be administered in any of its 
forms except by the advice of a capable physician. A very 
small amount of any of the common compounds containing 
this drug is an overdose whicji will produce death. 

The most common forms under which it and its com- 
pounds are sold are, opium, laudanum, paregoric, Dover's 
powders, morphine, and codeia. While morphia is of great 
service in disease, its habitual use is followed by the most 
serious results. Unfortunately this usage of morphine is of 
very wide extent. The repeated use of morphia soon creates 
an appetite for it, hard to resist, and often wholly beyond con- 
trol. It mainly affects the nervous system, and through it the 
whole body. The various disorders gradually following on 
the habitual use of opiates show themselves in disturbed func- 
tions of the digestive organs, of the liver, of the skin, and in 
the deterioration of the muscular tissue. The most serious 
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symptoms are those of the nervous system, which is finally 
completely wrecked, when death comes as a relief to the 
suffering of the victim. On account of the power of allaying 
pain and soothing irritation, compounds of morphia are 
much used in cough medicines, troches, lozenges, and 
"soothing syrups.'* As in these "patent medicines" the 
presence and amount of the opiates is unknown, they 
become very dangerous and should never be used. Indeed, 
no medicine should be used whose ingredients are not 
known, and which is not given under advice of a physician : 
but least of all should we tamper with one which is sus- 
pected to contain so dangerous a poison as opium. 

In the close competition of all the pursuits of life, the suc- 
cess which we attain depends on the equipment we bring to 
our work. Whatever other preparation we may find necessary 
for any calling, an element which will figure largely in our 
success is the strength and health of our body. The state 
of the body conditions what we accomplish. Many are un- 
fortunate in coming into the world with weak or defective 
constitutions. Others, through accident or disease, have had 
the powers of their bodies impaired. We feel the greatest 
pity for such people, and we do what we can to aid them in 
their efforts to counteract the effects of their disability or to 
regain that great boon, health. 

But how foolish is he who deliberately handicaps himself in 
the race by taking on himself habits which have been demon- 
strated to be a real injury to him, which may not only tend 
to interfere with his success, but which may result in the 
worst consummation, and may make his life a wreck. 

To the young who are yet clear of these encumbrances, 
whose bodies are free from these poisons and their results, 
the appeal cannot be made too strongly to keep entirely 
away from them. The only safe course is total abstinence. 

We have seen how, through the digestive organs and the 
lungs, the materials for the growth and repair of the body, 
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and the chemical substances whose changes furnish its 
energy, come in ; how by the organs of circulation they are 
distributed to the tissues; how the circulation gathers up, 
and the lungs, skin, and kidneys dispose of, the wastes, and 
thus the sense organs, brain, and muscles are kept clean and 
well supplied for perception, thought, and action. 

How important it is for the best perception, thought, 
and action that one is capable of, that these processes be 
undisturbed in their normal functions ! How unwise, to say 
the least, is it to interfere with the delicate mechanisms on 
which so much depend our chance of success and our capa- 
bility of happiness ! 

The Germ Theory of Disease : Bacteria. — The im- 
provement of the microscope has allowed 
a more careful study of the minutest or- 
ganisms. Besides the one-celled plants 
and animals spoken of and figured in the 
first part of this book, immense numbers 
of other forms, very much smaller than 
these, 6ave been discovered. 

If any organic substance, such as a 
piece of meat, of bread, or a part of a 
plant, be allowed to remain in a glass of 
water in a warm place for a few days, 
the water around the substance will be- 
come cloudy, and it will send out an gr^lr'Thii'^^h!? ^Si 
unpleasant odor. ^^ i?sh^5?^fo^lJ: 

Now, if a drop of the cloudy part of the ^^^'^^e^ ^'^'^ *^^- 
liquid, or of the scum from the top, be placed under a good 
microscope, a great number of organisms may be seen. Some 
that may be seen will be very large compared with the rest. 
They will be making so much commotion that the smallest 
may be overlooked. Fig. 94 shows some of the largest ones. 
If, now, these are allowed to become quiet, or a drop secured 
with none of the largest forms in it, a very good lens will show 
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immense numbers of very minute bodies, minute even beside 
the microscopic bodies just described. They will appear 
as little points or very short lines. Many of them will be 
in active motion. Their numbers will be millions. These 
minute things are one-celled organisms. Whether they are 
plants or animals has not been decided. They are called 
bacteria^ or microbes^ and are generally referred to as plants. 
Wherever putrefaction is going on they are very abundant. 
Indeed, it is their life and growth that cause organic sub- 
stances to decay or spoil, as we say of meat or of fruit; or 
rot^ as we say of any organic substance. 

Now, just like larger plants or animals, there is a great 
number of kinds of bacteria; and, further, like larger plants, 
some are perfectly harmless to man, and some are very dan- 
gerous. 

The kinds that could be seen in the preparation described 
above would in all probability be of the harmless kinds. 
These are everywhere. When the liquids in which they are 
growing dry up, these little organisms being very minute, 
float away in the air. Many kinds may be found in the air, 
in our food, and in most of the water we drink. They are in 
our mouths, on our teeth, and in immense numbers in the 
contents of the alimentary canal. 

Thus it comes about that whenever an organic substance 
is kept moist and warm a short time the great numbers of 
bacteria scattered all over it begin to grow, and, like other 
one-celled organisms, they multiply very fast, by each one 
dividing in two, and so on, until the whole substance is in- 
fested with them, and finally it is really consumed by them. 

Canning fruits, preserving meats and other foods, is in 
every case a means of killing the bacteria in the substance to 
be preserved, and in preventing any others from reaching it. 
Every bit of food exposed is like a field full of seeds, which 
only waits for warmth and moisture to make the seeds ger* 
minate. 
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Dangerous Bacteria. — Now, as was just said, a number 
of very dangerous bacteria exist, which, when they gain 
access to the tissues, may grow in the living tissues and in the 
blood, and as the result of their growth produce some of 
the worst of diseases. They might, in some regards, be com- 
pared to those plants which, as parasites, grow on other 
plants, in some cases to the destruction of the host. 

As the knowledge of these dangerous bacteria is only of 
recent growth, it can not be said definitely just how many 
diseases are due to them, but it is now generally agreed that 
certain diseases are thus caused, and the probability is that 
many of them have this origin. 

Among the lower animals which allow of the most definite 
experiments, a disease called splenic fever is known to be so 
caused, also that of chicken cholera. 

Diseases Caused by Bacteria. — It is probable that such 
infectious diseases as small-pox, scarlet fever, diphtheria, and 
measles, each have for their cause a specific kind of minute 
organism, which, on gaining access to the parts afifected, 
produces severe results. 

It is also probable that such diseases as typhoid fever, con- 
sumption, cholera, yellow fever, blood poisoning, and the 
various forms of malarial fevers, are each due to a specific 
microbe. 

If the exact nature of each disease-producing organism 
were known — that is, just how it grows — what would kill it 
or prevent its spreading, we could better control the spread- 
ing of these diseases. 

Enough is already known in the fact that they are living 
organisms, subject to the same general conditions as other 
living organisms, to point out in a general way at least what 
to do toward lessening the danger from them. 

Most intelligent sanitary regulations have for their object 
the combat with this class of organisms. They include, in 
infectious diseases, the disinfection of all objects that come 
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in contact with the sick, by either heating them to a high 
temperature, or by washing them with a solution of some 
poison, as carbolic acid, or corrosive sublimate, or by immers- 
ing them in some poisonous gas, such as that arising from 
the burning of sulphur. 

In all these cases it is sought to kill the living organisms, 
which can not survive heat or poisons. Disinfection of sewers 
has for its object the same end. 

That these directions often given should be carried out 
with intelligence requires some knowledge of the nature of 
the object to be gained. 

The knowledge of the existence and nature of these minute 
organisms has made it possible to very much reduce the 
ravages of diseases. 

Cleanliness. — This knowledge shows how essential it is to 
good health that cleanliness of the person, the clothing, the 
house, its neighborhood, and the whole community, should 
be the object of constant watchfulness. 

Isolation of Those Suffering from Infectious Dis- 
eases. — The above facts show also the great importance of 
careful and complete isolation and thorough disinfection in 
the cases of diseases which can be communicated from one 
to another. Carelessness in this respect should be regarded 
as criminal. 

Disease to be Prevented. — Disease is not an evil spirit 
of whimsical nature that seizes whom it will without cause, 
but it is the result of the action of definite laws. To deal 
with it in a rational method, we should at least make use of 
the few facts that are known. 

These show us that in many cases, at least, disease is caused 
by the growth of organisms in the tissues or liquids of the 
body. The body is the field, they are the seeds. If the 
seeds never reach the field they will never grow. If when 
they reach the field they find it well prepared for their recep- 
tion, they will quickly occupy it. If, however, when they 
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come, they find the field in an unfavorable state for theii 
germination, they will not grow. 

Cleanliness of air, of food, of water, of the person, and of 
the surroundings, may prevent the seeds reaching the field. 
Good habits of eating, drinking, exercise, and of the mode 
of life in general, will keep the body in that healthy condi- 
tion which will render the field in an unfavorable state for 
the growth of the seeds. 

If these precautions do not succeed in the entire preven- 
tion of disease, they will, at least, very much lessen the 
chances of one's becoming a victim to it. 

The proof of this is to be found in the excellent results in 
reducing the number of deaths from disease, and in limiting 
the spread of contagious forms, that have been obtained by 
the practice of these views during the last fifteen years, both 
in hospitals and dwellings, and on a still larger scale by the 
sanitary regulations of many cities. 



Review Questions. 

1. What is said of the relations of good air to health? 

2. What of food ? 

3. What is one of the greatest dangers of health in con- 
nection with taking food 1 

4. What is said of drink ? 

5. What of the use of alcoholic drinks in excess ? ' 

6. What of the dangers from the " moderate use '* ? 

7. What of the use of morphia ? 

8. Of tobacco ? 

9. What are bacteria ? 

10. Under what conditions do they grow? 

11. What is the cause of all decay of organic substances? 

12. What of harmless and dangerous bacteria? 

13. What diseases are thought to be caused by some of the 
dangerous forms? 
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14. What is said of cleanliness in regard to danger from 
such diseases ? 

15. What of the importance of isolation of those sick with 
infectious diseases ? 

16. What precautions may be taken to limit the spread of 
disease ? 

17. Kow have these practices been proved to be beneficial ? 
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The technical terms used in this book are fully explained at the places referred to 
in this Index. 



Abdomen, 136. 
Abdominal cavity, 136. 
Absorption, 148. 
Accommodation of eye to dis- 
tance, 263. 
Acetabulum, 40. 
Activity of nerve, 235. 
Afferent nerve fibers, 214-250. 
Air, 169, 285. 

Composition of, 169. 
Impurities in, 173, 174. 
Quantity breathed, 169. 
Air passages, 184. 
Air vesicles, 156, 157. 
Alcohol and alcoholic beverages 
as a medicine, 293. 
Effect on brain and nervous 

system, 244-246, 292. 
Effect an circulation and 

heart, 105, 106, 292. 
Effect on community, 294, 

295. 
Effect on heat of body, 106, 

205. 
Effect on kidneys, 199, 200, 
292. 



Alcohol and alcoholic beverages, 
effect on liver, 151, 292. 

Effect on stomach, 150, 151, 
292. 

General physiological action 
of, 288-292. 

Other substances in, 293, 

.294. 

Relation to food, 121. 

Source and composition of, 
286-288. 
Alimentary canal, 124, 139. 

Movements of, 146. 

Nervous control of, 146. 

of lower animals, 147. 

Secretions of, 143. 
Alveoli, 157. 
Amoeba, 22. 

Anastomosing of arteries, 89. 
Anatomy, 11. 

of alimentary canal, 139. 

of circulatory system, 80. 

of digestive system, 124. 

of heart, 90. 

of muscles of leg of chicken, 

67. 

of muscles of rabbit, 67. 
of nervous system, 209-214. 
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Animal heat, 203. 
Aorta, valves of, 85. 
Appendages, 25. 
Appendicular skeleton, 34-38. 
Aqueous humor of eye, 262. 
Arachnoid membrane, 216, 
Arm, as a lever, 63. 

Bones of, 39. 
Arterial pressure, 96. 
Arteries, 80. 

Anastomosing of, 89. 

Aorta, 85. 

Axillary, 86. 

Brachial, 86. 

Coeliac axis, 86. 

Common carotids, 86. 

Common iliac, 86. 

Contraction of, 81. 

Coronary, 86. 

Femoral, 87. 

Gastric, 86. 

Hepatic, 86. 

Inferior mesenteric, 86. 

Innominate, 86. 

Palmar arch, 86. 

Peroneal, 89. 

Phrenic, 86. 

Popliteal, 89. 

Pulmonary, 85. 

Radial, 86. 

Renal, 86, 198. 

Splenic, 86. 

Structure of, 80. 

Subclavian (right and left), 
86. 

Superior mesenteric, 86. 

Tibial, 89. 

To stop flow of blood from, 



Arteries, ulnar, 86. 
Articulations, 49. 
Arytenoid cartilage, l8l. 
Astigmatism, 271. 
Astragalus bone, 40. 
Atlas bone, 35. 
Auditory apparatus, 277. 
Auditory cells, 276, 281. 
Auditory nerve, 216, 281. 
Auricles, 84. 

Function of, 98. 
Auricular septum, 84. 
Automatic nerve centers, 238, 

239- 
Axial skeleton, 26, 34. 

Axis bone, 35. 

Axis cylinder of nerve fiber, 209. 



Bacteria, disease caused by, 303. 

in blood, 74. 

in intestine, 145. 
Balancing organs, 283. 
Basement membrane, 125. 
Basilar membrane, 281, 282. 
Biceps muscle, 58. 
Bile, 138. 

Action of, 145. 
Biology, subdivisions of, 9. 
Blind spot of eye, 267. 
Blood, 70. 

Coagulation of, 71. 

Corpuscles of, 72. 

Course in circulation, 94. 

of lower animals, 'j'j. 

Physical properties of, 71. 

Plasma of, 74. 

Pressure of, 95, 97, loi. 
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Blood, quantity of, ^^, 

Rate of flow of, 99. 

Salts, 75. 

Serum of, 75. 

Temperature of, 71. 

Weight of, 71. 
Blood flow, means of regulating, 

100. 
Blood supply, 104, 159. 

Disturbance of, 104. 

to lungs, 159. 
Blood vessels, 61, 75. 

Effect of alcohol on, 105. 

of muscle, 61. 

of retina, 268. 

To stop flow of blood from, 

75. 
Body, adaptations of life of, 

66. 

Adaptations of parts of, 7. 

Materials of, 15. 

Source of energy in, 116. 

Wastes of, iii. 
Body cavity, 26. 
Bones, composition of, 48. 

Gross structure of, 46. 

Growth of, 48. 

Minute structure of, 47. 

of ear, 278. 

Use of, 33. 

Use of parts of, 46. 
Brachial arteries, 86. 
Brain, hemispheres of, 217. 

Effect of alcohol on, 244- 
246. 

Membranes of, 216. 

Psychic centers of, 241. 
Brain centers, nerve connec- 
tions of, 244. 



Bronchial tubes, 156. 
Bronchioles, 157. 
Brunner's glands, 137. 



Caff*eine, 295, 297. 
Calcaneum bone, 40. 
Canaliculi of bone, 47. 
Canals, semicircular, 280, 282. 
Capillaries, 80. 

Function of, 83. 

Relation to arteries and 
veins, 81. 

Relation to tissue cells, 81, 

Structure of, 81. 
Capsule of lens of eye, 262. 
Carbohydrate foods, 113. 
Carbon dioxide, amount expired, 

172. 
Cardiac cycle, 97. 
Cardiac orifice of stomach, 134. 
Carotid arteries, 86. 
Carpal bones, 39. 
Cartilages of larynx, 180. 
Cavity of body, 26. 

Abdominal, 26. 

Thoracic, 26. 
Cells, 19. 

Ciliated, 158. 

Epidermal, 127, 260. 

Food and wastes of, 154. 

Importance of, 19. 

Life of, in tissues, 24. 

of blood, 72. 

of muscle, 59. 

Olfactory, 254. 

Properties of, 21. 

Secreting, 125. 
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Cells, shapes of, 21. 

Size of, 19. 

Special sense, 211. 
Cement of tooth, 130. 
Central tendon of diaphragm, 

160. 
Centrum of vertebra, 35. 
Cerebellum, 219, 221, 243. 
Cerebral ganglia, 218. 
Cerebro-spinal meninges, 217. 
Cerebro-spinal nervous system, 

214. 223. 
Cerebrum, 217. 

Psychic centers of, 242. 
Cervical vertebrae, 35. 
Choroid coat of eye, 261. 
Cilia, 167. 

of trachea, 158. 
Ciliary muscle of eye, 262. 
Ciliated epithelia, 158. 
Circulation, object of, 100, 

Effect of alcohol on, 105, 
106, 292. 

in frog, 105. 

Portal, 94. 

Pulmonary, 94. 

Systemic, 94. 
Circulatory system, 70. 

Nervous control of, 103. 
Circumvallate papillae of tongue, 

128. 
Classes of levers, 62. 
Clavicle bone, 38. 
Coagulation of blood, 71, 74, 'j'j. 

Conditions of, 74. 

of lymph, 76. 

Uses of, 75. 
Coccyx, 34. 
Cochlea of ear, 280. 



Cochlear canal, 281. 
Coecum, 139. 
Cceliac axis artery, 86. 
Coffee, evil effects of, 289, 297. 
Colds, caused by alcoholic 

drinks, 107. 
Colon, 139. 

Combustion, products of, 114. 
Commissural nerve fibers, 214, 

222. 
Conical papillae, 128. 
Conjunctiva of eye, 272. 
Conservation of energy, 115. 
Contraction of arteries, 81. 
Convolutions of cerebrum, 218. 
Co5rdination, 218, 241. 
Cornea, 260, 262. 
Coronary artery, 86. 

Coronary vein, 85. 
Corpora quadrigemina, 219, 241. 
Corpuscles of blood, 72. 

Forms and size of, 72. 

Function of, 73. 

Origin of, 73. 
Corpus callosum, 218. 
Corpus striatum, 218, 220, 243. 
Correlation offerees, 115. 
Cranial nerves, 215. 
Cranium, bones of, yj. 
Cricoid cartilage, 180. 
Crypts of Lieberkilhn, 137. 
Crystalline lens of eye, 262. 
Cuticle, 188. 



Delirium tremens, 245. 
Dental formula, 129. 
Dentine of tooth, 130. 
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Dermis, 189. 
Diaphragm, 159. 

Action of, 163. 

Central tendon of, 160. 
Dieting, 120. 
Diffusion of gases in lungs, 170, 

171. 
Digestion, 124. 

Digestive system, 125. 

Anatomy of, 124. 

Effects of alcohol on, 150, 
151. 
Disease caused by bacteria, 303. 

due to use of alcohol, 286. 

Germs of, in air, 176. 

Germ theory of, 301. 

Prevention of, 304. 
Disinfection, 304. 
Distinct vision, 267, 
Disturbance of blood su pply, 104. 
Disturbance of heat of body, 204. 
Division of labor, physiological, 

24. 
Dorsal vertebrae, 35. 
Drink, 286. 
Duct of gland, 126. 
Dura mater, 216. 
Duration of sensation of sight, 

269. 
Dyspepsia, 120. 



Ear, structure of, 278-280. 
Efferent nerve fibers, 214, 250. 
Emmetropic eye, 270. 
Emulsion of fats, 144, 
Enamel of tooth, 130. 
Endoskeleton, 33. 



Energy, forms of, 115. 

Source of, in body, 116. 
Epidermal cells, 127. 
Epidermis, 188. 
Epiglottis, 181. 
Ethmoid bone, 38. 
Eustachian tube, 278, 279. 
Excretory organs, 192. 
Exercise, 65, 66. 

Best conditions for, 67. 

Forms of, 66. 
Exoskeleton, 33. 
Expiration, 162, 163. 
Exposure, 206. 
External ear, 277. 
Eye, 260. 

Accommodation todistance, 
263. 
Eyelids, 271. 



Face, bones of, 38. 
Facial nerves, 144. 
Faintness, effect of alcohol on, 

106. 
Fatigue of muscles, 62. 
Fats, emulsion of, 216. 
Fatty degeneration of heart, 106. 

of kidneys, 199. 
Femoral arteries, 89. 
Femur bone, 40. 
Fenestra rotunda, 280. 
Fevers due to bacteria, 303. 
Fibers of muscle, 59. 
Fibrin, 74. 
Fibrin factors, 74. 
Fibula bone, 40. 
Flavors, 117. 
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Foods, III, 285. 

Absorption of, 148, 149. 

Need of, in. 

Regulation of amount and 
kind of, 120. 

Relation to wastes, 114. 

Relative value of, 116. 

required by body, 119. 

Table of, 112, 118. 
Foot as a lever, 63. 
Foramen magnum, 217. 
Fore-brain, 217. 
Forms of energy, 115, 118. 
Forms of exercise, 66. 
Frontal bone, 37. 
Function of capillaries, 83. 

of red corpuscles, T2>' 
Fungiform papillae, 128. 



Ganglia, 210, 221. 
Gases, 177. 

Diffusion of in lungs, 170. 
Interchange of between pul- 
monary capillaries and air 
vesicles, 172. 
Poisonous, in air, 176. 
Gastric artery, 86. 
Gastric glands, 134. 
Gastric juice, 144. 
Germ theory of disease, 301. 
Germs of disease in air, 176. 
Glands, 125. 

An extension of mucous 
membrane of alimentary 
canal, 127. 
Kinds of, 126. 
Nervous control of, 127. 



Glands of mouth, 132. 

of stomach, 134. 
Globe of eye, 260. 
Glossopharyngeal nerve, 216. 
Glycogen, 150. 
Gray matter of brain, 219. 
Growth of tissues, 15. 
Gullet, 133. 



H 

Haemoglobin, 172. 

Hair, 195. 

Hair follicles, 195. 

Hand, bones of, 40. 

Haversian canals of bone, 46. 

Health, basis of, 177. 

Heart, 80, 84. 

Activity of, 97, 108. 

Effect of alcohol on, 105, 106. 

Fatty degeneration of, 105. 

Location, size, and struc- 
ture of, 84. 

Nerves of, 102. 

Nervous control of, loi. 

Paralysis of, 106. 

Sounds of, 99. 

Work done by, 97. 
Heat of body, 203. 

Decrease of, by alcohol, 
106, 205. 

Distribution of, 204. 

Regulation of production of, 
205. 

Source of, 203. 
Hepatic artery, 86, 138. 
Hepatic vein, 94, 138. 
Hind-brain, 219. 
Histology, 12. 
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Hoarseness, 185. 
Human body, 7. 

Range of adaptations of, 10. 

Study of, II. 
Humerus bone, 39. 
Hunger and thirst, iii. 
Hydra, 23. 
Hygiene, 12. 
Hyoid bone, 37, 182. 
Hypermetropic eye, 270. 
Hypoglossal nerve, 216. 

I 

Iliac arteries, 86. 

Image in the eye, 263, 268. 

Impurities breathed in air, 173, 

174. 
Incus bone, 38. 
Infectious diseases, 304. 
Inferior vena cava, 85. 
Inflammation, 105. 
Injecting fluid, 92. 
Innominate artery, 86. 
Innominate bones, 40. 
Inspiration, 160, 163. 
Intensity of sound, 183, 282. 
Interchange of gases between 

pulmonary capillaries and 

air vesicles, 192. 
Intercostal muscles, 160. 
Intestinal juice, 145. 
Intestine (large), 139. 
Intestine (small), 135. 

Coats of, 135. 

Glands of, 137. 

Villi of, 136. 
Involuntary muscles, 57. 
Iris, 261. 

Action of, 268. 



Joints, kinds of, 51, 
Jugular vein, 95. 



K 

Kidneys, 197. 

Action of, 199. 

Effect of alcohol on, 199,200, 

292. 

Pelvis of, 198. 
Stucture of, 198. 



Labyrinth of ear, 280. 
Lachrymal bone, 38. 

gland, 272. 
Lacteals, 90, 136, 149. 
Lamina spiralis, 281. 
Larynx, 156, 180, 186. 

Cartilages of, 180. 
Lenses of eye, 262. 

Convexity of, 264. 
Leucocytes, 72. 
Levers, kinds of, 62, 63. 
Life, adaptations of, 8. 

Conditions of, 8. 

Forms of, 8. 
Ligaments, 50. 
Liqueurs, 287. 
Liver, 137. 

effect of alcohol on, 151, 292. 
Localization of touch of sensa- 
tions, 253. 
Lumbar vertebrae, 35. 
Lungs, 154. 

Blood supply, 159. 
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Lungs, capillaries of, 159. 

Volume of, 169. 
Lymph, 70, 76. 

Coagulation of, 76. 

Composition of, 76. 

Source of, 76. 
Lymphatic glands, 90. 
Lymphatics, 90. 

Relation of, to cells in blood 
capillaries, 82. 

of the skin, 192. 



M 

Malar bone, 38. 

Malleus, bone of ear, 38, 278, 

279. 
Materials of body, list of, 16. 

Properties of, 17. 
Maxillary bones, 38. 
Medulla oblongata, 163, 219, 239, 

243. 
Respiratory center of, 164, 

238. 

Medullary sheath of nerve, 210. 

Membrana tympani, 277, 278, 

279. 

Mesenteric arteries, 86. 

Mesentery, 135. 

Metacarpal bones, 40. 

Metatarsal bones, 41. 

Microbes, 302. 

Mid-brain, 219, 241. 

Mitral valve, 85, 98. 

Morphia, 205, 299. 

Motions of lower animals, 64. 

Motor nerve fibers, 214. 

Motor nerves, 216. 

Mouth, 127. 



Movements, 63. 

of alimentary canal, 146. 
Mucous membrane, 125. 

coats of stomach, 134. 
Muscle activity, waste products 

of, 62. 
Muscles, power of, 57. 

Blood vessels of, 61. 

Effects of contraction of, 61. 

Exercise of, 65. 

Fatigue of, 62. 

Nerve endings of, 59. 

Number and classification 
of, 57. 

of eye, 27 1» 

Relations to bones, 62. 

Relations to tendons, 65. 

Stimuli of, 61. 

Structure of, 58, 59. 
Muscular coats of stomach, 134. 
Muscular sense, 257. 
Myopic eye, 270. 



N 

Nails, 195. 
Narcotics, 297-300. 
Nasal bone, 38. 
Nerve cells, 210. 

Function of, 228, 231. 

Property of, 231. 

Relation to nerve fibers, 231. 
Nerve connections of brain cen- 
ters, 244. 
Nerve fibers, 211, 213. 

Course of in spinal cord. 

237. 
Distribution of, 211. 

of brain, 220. 
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Nerve fibers, property of, 230. 
Nerve ganglia, 210. 
Nerve stimuli, 234. 
Nerves, 215. 

Activity of, 235. 

Effect of alcohol on, 106, 
244-246, 292. 

Structure of, 210. 
Nervous control of heart, loi. 

of action of kidneys, 199. 

of activity of body, 227. 

of alimentary canal, 146. 

of glands, 127. 

of heat-regulating appar- 
atus, 194. 

of respiratory apparatus, 
163. 

of small arteries, loi. 
Nervous impulse, 228. 

Nature of, 232. 

Velocity of, 234. 
Nervous mechanism, 232, 233. 

Complexity of, 233. 

Definite plans of, 234. 
Nervous system, 210. 

Anatomy of, 210, 214. 

Divisions of, 214. 

Effect of alcohol on, 106, 
244-246, 292. 

Necessity of, 229. 

of lower animals, 222. 

Physiology of, 227. 
Nicotine, 298. 



Occipital bone, yj- 
Odontoid process, 36. 
CEsophagus, 133. 



Oil glands of skin, 192. 
Olfactory nerve, 215, 255. 

cells, 254. 
One-celled animals, 22. 
Opium, evil effects of, 289, 299- 

300. 
Optic nerve, 215, 260, 266. 

Optic thalamus, 218, 220, 243. 

Organisms, living forms of, 8. 

Likeness of plan of, 9. 

Similarity among, 9. 
Organs, 18. 

Likenesses of among verte- 
brates, 10. 

of equilibrium, 283. 

of smell, 254. 

of touch, 252. 
Osmosis, 82. 
Oxidation, the source of heat, 

204. 
Oxidizable substances, 114. 



Pain, 251. 
Palate bone, 38. 
Palmar artery, 86. 
Pancreas, 138. 
Pancreatic juice, 144. 
Papillae of skin, 190. 

of tongue, 127. 
Paralysis, 238. 
Parietal bone, yj. 
Parotid glands, 132. 
Parts of body, adaptations of, 7. 
Patella, 41. 
Pectoral girdle, 34. 
Pelvic girdle, 34, 40. 
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Pepsin. 144. 
Peptones, 144. 
Pericardial fluid, 84. 
Pericardium, 84. 
Perimysium, 58. 
Perineurium, 210. 
Periosteum, 46. 

Relation to tendons, 64. 
Peristaltic movements, 146. 
Peritoneum, 126. 
Peroneal arteries, 89. 
Perspiration, 192. 
Perspiratory glands, 191. 
Phalanges, 40, 41. 
Pharynx, 133. 

Openings of, 133. 
Phrenic artery, 86. 

nerve, 160. 
Physiological unit, 21. 
Physiology, 12. 

of circulatory system, 94. 
Pia rnater, 216. 
Pinna of ear, 277, 279. 
Pitch of sound, 183, 282. 
Plan of body, 25. 

in fresh-water hydra, 27. 

in insects and worms, 27. 
Plan of skeleton, 33. 

of vertebra, 35. 
Plasma of blood, 74. 
Pleura, 159. 

Pneumogastric nerve, 216. 
Poisonous gases, 176. 
Popliteal arteries, 89. 
Portal circulation, 94. 

vein, 94, 138. 
Pressure of blood, 95, 97, loi. 
Primitive sheath of nerve, 210. 
Properties of sound, 183. 



Proteids, 112. 

Protoplasm, 20. 

Psychic centers of brain, 241. 

Ptyalin, 143. 

Pulmonary circulation, 94. 

artery, 85. 

veins, 85. 
Pulse, 99. 
Pupil of eye, 261. 
Pyloric orifice of stomach, 134. 



Quality of sound, 184, 282. 
Quantity of blood, TJ, 



Radial artery, 86. 
Radius bone, 39, 58. 
Rate of blood flow, 99. 
Rectum, 139. 
Reflex actions, 235, 246. 
Reflex nerve center, 235. 

of medulla, 238. 
Regulation of blood flow, 100. 

of heat production, 205. 
Renal arteries, 86, 198. 
Resonating cavities, 183. 
Respiration, 154. 

in lower animals, 155. 

Rate of, 166. 
Respiratory acts, 164. 

nerve center, 164, 238. 
Respiratory apparatus, 154, 155, 
156, 166. 

Nervous control of, 163, 
238. 
Retina, 260, 265. . 
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Retina, blood vessels of, 268. 

Fatigue of. 269. 

Layers of, 266. 

Rods and cones of, 267. 
Retinal cells, 260. 
Ribs, 36. 
Rigor mortis, 61. 
Rods and cones of retina, 267. 
Running, 64. 

S 

Sacrum bone, 34. 

Saliva, uses of, 143. 

Salivary glands, 132. 

Salts, 117. 

Sanitary regulations, 305. 

Scala media, 280. 

Scala tympani, 280, 281. 

Scala ves.tibula, 280, 281. 

Scapula bone, 38. 

Sciatic nerve, 210. 

Sclerotic coat of eye, 260. 

Sebaceous glands, 190, 191. 

Secreting cells, 125. 

Secretions of alimentary canal, 

143. 
Semicircular canals, 280, 282. 

Semilunar valves, 85, 98. 

Sensations, 250. 

of hearing, 276. 

of sight, 260. 

of smell, 255. 

of sound, 281. 

of taste, 256. 

of touch, 253. 
Sensory nerve fibers, 214, 250. 
Serum, 75. 

Composition of, 76. 



Sesamoid bones, 41. 
Sitting, 64. 
Skeletal muscles, 57. 
Skeleton, 32. 

Appendicular, 34, 38. 

Axial, 26, 34. 
Skin, 188. 

as a heat-regulating appa- 
ratus, 193. 

as an organ of special 
sense, 194. 

Care of, 196. 

Glands of, 191. 

of other vertebrates, 196. 

Papillae of, 190. 

Structure of, 188. 
Skull, 37. 

Smell, sense of, 254. 
Sounds, 184, 281. 

Properties of, 183. 
Source of heat, 203. 
Special sense apparatus, 252. 
Special sense cells, 211. 
Special sense organs, 251, 253. 

Ideas gained from, 251. 
Sphenoid bone, yj. 
Spinal accessory nerve, 216. 
Spinal canal, 36. 
Spinal column, 34. 
Spinal cord, 217. 

Course of fibers in, 237. 
Spinal nerves, 215. 
Spiral plate, 281. 
Spleen, 150. 
Splenic artery, 86. 
Sprains, 52. 

Standing, muscles used in, 63. 
Stapes bone, 38, 278. 
Sternum bone, 36. 



3i8 



INDEX. 



Stimuli of nerve, 24, !234. 
Stomach, 134. 

Action of, 146. 

Coats and orifice of, 134. 
• Effect of alcohol on, 150, 
151. 292. 
Strangling, 164. 
Structure of arteries, 80. 

of bone, 46. 

of heart, 84. 

of muscles, 58. 

of skin, 188. 

of veins, 81. 
Subclavian arteries, 86. 
Subcutaneous tissue of dermis, 

191. 
Sublingual gland, 133. 
Submaxillary gland, 133. 
Superior vena cava, 85. 
Suprarenal bodies, 150. 
Suture, 49. 
Sweat glands, 190. 
Sympathetic nervous system, 

221. 
Synovial membrane, 49. 
Systemic circulation, 94. 
Systems, kinds of, 18. 



Table of foods, 118. 

Taste, bulbs of, 256. 

Taste, sense of, 256. 

Tastes, 256, 257. 

Tea, evil effects of, 289, 295, 296. 

Tears, 272. 

Teeth, 128. 

Care of, 131. 

Structure of, 130. 



Teeth, use of, 131. 
Temperature of blood, ^^, 
Temperature regulating appara- 
tus, 205. 
Temperature sense, 254. 
Temporal bone, 37. 
Tendons, 58, 64. 

Composition of, 64. 

of diaphragm, 160. 

Relation of to muscles, 65. 

Relation of to periosteum, 
64. 

Strength of, 64. 

Use of, 65. 
Theine, 295. 
Thirst and hunger, iii. 
Thoracic duct, 90. 
Thoracic vertebrae, 35. 
Thoracic artery, 86. 
Thoracic cavity, 26. 
Thorax, 159. 

Enlargement of, 161. 
Thymus gland, 186. 
Thyroid body, 186. 
Thyroid cartilage, 180. 
Tibia bone, 40. 
Tibial arteries, 89. 
Tissues, 15. 

List of, 16. 

Method of growth of, 24. 

Properties of, 17. 

Structure of, 18. 
Tobacco, evil effects of, 289, 

297-299. 
Tongue, 132. 

Papillae of, 127. 
Touch, sense of, 252. 

Corpuscles of, 190, 191, 211. 

Organs of, 128. 
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Trachea, 156, 157. 

Cartilages of, 158. 
Tricuspid valve of heart, 85, 98. 
Trigeminal nerves, 216. 
Turbinated bone, inferior, 38, 

254. 
Tympanum, 277. 



U 



Ulna, 39. 

Ulnar arteries, 86. 
Unit of body, 19. 
Urea, 197. 
Ureter, 198. 



Vagus nerve, 216. 
Valves, 85. 

of aorta, 85. 

of heart, 85. 

of veins, 81. 

Semilunar, 85, 98. 
Valvulae conniventes, 136. 
Veins, 80. 

Coronary, 85. 

Hepatic, 94. 

Jugular, 95. 

Portal, 94. 

Pulmonary, 85. 

Structure of, 81. 

Vena cava, 85. 
Venae cavae, 85. 
Ventilation, necessity of, 173. 

Arrangements for, 175. 



Ventilation, basis of, 174. 

Importance of, 175. 
Ventricles, 84. 

Action of, 98. 
Vertebras, 34. 

Vertebrates, classes of, 25, 32. 
Vestibule of ear, 280. 
Vibrations of air, 276. 
Vision, region of distinct, 267. 
Visual angle, 269. 
Visual apparatus, 260. 
Vitreous humor of eye, 262. 
Vocal apparatus, 180, 182. 
Vocal cords, 182. 
Voice, 182. 

of lower animals, 186. 

Training of, 185. 
Volume of lungs, 169. 
Voluntary muscles, 157. 
Vomer bone, 38. 

W 

Walking, muscles used in, 64. 

Warm-blooded animals, 206. 

Waste products of muscle activ- 
ity, 62. 

Wastes of body, 1 1 1 . 

Water, use of in body, 117. 

Weight of blood, 77. 

White matter (nerve fibers), 210, 
211 ; of brain, 220. 



Yellow spot of eye, 267. 
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